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This investigation constitutes ea pert ef « program being carried 
out in the Depertaent of Newal Arehitesture and Morine Rnginearing 
wider the suspiess of the Society of Navel Architects ani Marines 
Engineers. 

Many merchant veesels sre built ugine a irexrrerse evaten cf 
frasing, These transverse frases, and the mors widely spasei lLongi- 
tudinal wtiffemere divide the ship’s plating durte short wide rectwyu- 
lax panels, whieh are placed either in tension or caempression saross 
the shoxt dimension as the ship “hogs” or “sage" umier the effects of 
loading ari wave motion. In general the somprecaive Joading is mores 
oritieal due to the phenomenon of "buckling". 

Fer test purposas these panals can b4 reprmmented by wide flat 
plates restrained to varying degrees at their edges arm? losced in 
compregsion across the short dimension. Tn this investigation an 
apperatus was designed for the determination of the buckling and wlti- 
mate leads of such plates when all four edges were sluply supported 
(no rotational restraint), Thts apparatus 1a intended to ascomwdate 
sixteen groups of plates heving all posaible combinations ef the 
following length-width ratios (a/b) and longth-taiekwess ratios (a/t): 


afo=1fh, 1/3, 1/2, and 3/iy 0/t =30, 50, TO, 900 Only one of taere 
230'70 
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groups wes astually tested, the remsimier being left for Mxbure 
completion of the program, 

Fro the work carvied out the following comslusions are drawn: 

(1) Wille further werk is necessary to make the apparaiw com: 
pletely satinfactory, the equipment designed and built provide 
reasonably uniform dietributien of the coumreseive load, axl a very 
close approximation ef simple support on all few edges ef a teat 
plate 56 3/k" 4n width, 13 5/16" in length, and 5/32” in thickness. 

(2) A group of four plates was tested in buckling to augment 
the cvaluation of the test apparatus, Frou these tests the following 
ventativa centiusieas are draw : 

(a) The wniformity of stress divtribution is not as critical 
as was anticipated. 

(ce) The strength of the plate is wot a fewtion of the 
measured xexiom initlel unfairness alone, tie initial contour avi the 
pest history being important also. 

(2) For the four plates teated (a/b =0.237; 3/t =86.1) the 
exparimental oritical streases chtxined supported the prediction for 
the given ratios according to Bleich | 8 | . 
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NOTATION 


e ~ Unsupported length between centers of loading segnents 

b ~- Unsupported length between “a"-edge supports 

b «~ Actual width of plate 

d =» Lateral deflection of center of plate from original plane 
~ Initial lateral deflection of center of plate (sero load) 


~ Distance from point on horizontal center line of plate to 
reference line 


~ Coefficient in buckling formula (based on b/t) 
a * u a ® (based on a/t) 
~ Number of half waves in buckled plate 

- Thickness of plate 


~ Lateral deflection of an arbitrary point on the neutral plane 
of the plate from the original plane 


~ Distence in direction of lead (origin at horizontal cl.) 
- * normal. to * (origin at one edges) 

~ Edge area of plate ~ b't 

~ Arbitrary constant in solution of differential equation 
- Plate constant - AI/(1-\*) 

~ Young's modulus of elasticity 

Et ~ Tangent modulus 

- Friction force in ene jesk 

~ Moment of inertia of strip ef plating 1" wide, t thick - +32 
~ Sane as "a" = used in columm formlae 

~ Applied load 

pt ~ loed transmitted to test plate 

Por ~ Critical lead 
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Pint ° Uitimeate load 

Pz - Internal pressure in Jack monifcld 

- Force exerted ty jack plunger return epring 

~- a/b - aspect ratic or width ratio 

- Measured strains for pair of epposite gages 

» Longitudinal strain at nevtral axis of plate 
- Average longitudinal strain ~ F/AE 

~ Coefficient of edge restraint ( f=oo for simple support) 
~ Micre= (cne-rilltonth) | 

~ Poisson's ratie ~ assumed to he 0.3 

~ Stress intensity 

- Longitudinal stress intensity at neutral axis 
- average longitudinal stress intensity - P/A 

- Critical stress intensity 

Tyuit <« Ultimate stress intensity 

Ty ~- Yield stress 

T ~ E/E 
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I. _Inmoucriay 


This investigation represents a part of a more extensive progran 
being sponsored by the Hull Structures Comittee of the Society of 
Naval. srchitects and Marine Engineers, (See Appendix A.) Tixls project 
is designed to determine the buckling and ultimate strengths of flat 
plates of such Gimensions and bowery conditions as those usually foun 
in transversely framed merchant veesels. 

The frasing of a vessel may be considered, for the purposes of such 
an investigation, as the boundariss of the various panels into which it 
divides the ship's skin or plating. Each of these panels may be acted 
upon by dixvect arial loads, shear forces, ani/or moments along either or 
beth edges, asl in addition by pressure forces normal te the plane ef the 
plate. Due to the behavior of the plating as a whole, the sedges of a 
partiowLar panel may be considered as simply supported, elastically 
restrained, or in the extreme contition, clamped. Variables which affect 
the plating strength are: (1) the ratio of plating length to thickness; 
(2) the ratio of length to width; (3) the degree of restraint against 
rotation of the plate edges; (i) the stiffness of pane] bounlaries, (5) 
effect of non-untforn distribution of the lead, 


Bo Research Project 
It was felt by the Hull Structures Comzlttee that the experimental 


date on the strength of these "wide" plates was incomplets and that a 
comidersble ranges of plating sises and shapes utilised in ship construc~ 
tion had not been investigated at all. As a specific point, Montgomerie’s 
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rewulte [36], based upon tests on plates with wiloaded edges free audi 
loated edges elastically restrained have beea applied to sunditions 
where they are not valid, in lieu of better data. Accordingly 2 
resesreh uroaject was formulated which hal as ite alaz the scsomplish- 
went of the folliewing four purposes: 


Phase T 


Phase I? 


To make e survey ef the literature relating to the 
theoretical buckling and ultimate strengths and 
experimental work thereon; to determine the ranges of 
parameters for which erperinental dats was lacking or 
insafficient; and to find infermetion upon the effect 
ant groxth of unfairness. 

To comiust buckling and witimate straengt) tests for 
wiiexial edge compression on pletes of such dimensions 
o6 are indicated by Phase I, with loaded and wiloaded 
eéges simly supported. 

Te conduet buciding and ultimate strength teste for wil 
axial, Gtge conpression on phates of wuch Gimmalone a 
are indicated by Phase I, with miloawled edges simply 
supported ard leaded eiges elastically restrained to 
varying degrees. 

To dewign, build, asi evaluate a test apparatus for the 
avsomplisiment of Phases II and IIT. 


tt was the original parpoee of the mrthers to comets Phases I, IT, 
oni IVY. However, des tc delays in delivery of the test equimeent, ani to 
difficulties encountered in getting the test equipement to fimetion as 
desired, Phase IV wes wot completed to the entire satisfaction of the 
authors. One group of plates umler Phase IT wae tested bet its results 
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are intemied primerily to supplement the svalvation of the test equip- 
ment under Phase IV. 


Go idterature Survey 

A search of the literature on, or perteining te, buckling ultimate 
strength of flat plates uxler various loadings and edge conditions was 
made to deterulns wiether adequate theory and experimental date existed 
pertinent to the range of plate peramsters ani edge comxiitions wider 
investigation. 

The rewalts of this search led to the belie! that theory presented 
by F. B. Meioh [8] was an adequate, though not mathematically preciss, 
basis for juiging the proposed teat results, both for buckling ant wlti- 
mote strength tu the elastic and plastic ranges. 

The search failed to reveal sufficient experimental data in the 
region of interest. Shultz and Weeehler [15] ran fire tests at afb = 1/2 
with oft varying from 20 to 120 with ell edges simply supported. Youbiki 
59 alse presents sintlar data skirting the range of interest, with the 
Closest data at a/p=1/3 ani 1/2 but a/t > 108. Figure 1A is provided 
te indieate the range of intersst, the proposed test parameters, andi the 
paraneters for which data is presently availabic. 

There iz also some possibility that other data foun? may be recral- 
vated inte usable fora vhem considering slastie sipport ef the loaded 
eiges, Yarious shapes were used as edge reatrainta but no attaupt ws 
meaie to evaluat: the degree of restraint previced. 
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after commidering tha region of interest and the points covered by 
peerious investigatora it wes decided to use sixteen differen’ size 
test plates having combinations of the following ratios: 

so | Wg WB lg WR Og Mi 
ste = lg HOG Tg BW 

These particular values wore chosen for the following reasons: 

1. Within the region of interest there hee been very little data 
ebtained, aml the theory hes not been confiresd. 

2. Some of the a/b values lie above the region outlined by the 
American Sarean of Snipping Regulation, eluse the ABS values are for 
plates near the midship section, avi the plates farther forward or aft 
heve higher a/b ratios. 

3. For extremely low c/b ratios, repeatable results are difficult 
te ovtain, and it wes decided to concentrate on getting usable results 
for the intermediate valued. 

kk. YWigher a/b ratios are of interest primerily for longitulinally 
framed ships. 

Acteal sizes for the test specimens were decided upon after cone 
sideration of the following factors: 

1. Tne afd, a/t ratios decided upon sbevs. 

2. In order to vse existing equipment previously used in investi- 
gations by Folychrone [40] aad Caposzoli [12] , the sum of one of east 
short dimension chosen was not to expend 3". 

3. The long dimensions wero zaleulated fron the short diwenetons 
and the a/b ration selected above. 

Lk. The maxims plate thickness wirich could be accomodated by the 
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"sedge" supports was 5/16". In addition it wea desirable to use 
standard plate thicksesses. 

5. Since 1% was desire! to obtain both buckling ami witdante 
strengths, the plates should fsil under « load less than the capacity 
ef the terting aackine (300,000 powris). 

6. The a'eml b dimensions, as deterxined above were then altered 
#8 Tollowsi 

(a) The "a" dimension wes decreased by 3/1)" since it wae 

believed «$ this time that the loading segments wiich trens- 
mitted the lead would act as ea part of the affective length 
of plate. (It was later decided thet this wes not tas case, 
and hence the actual a/t and a/t values were not exactly the 
game as had been selected.) The actual plate dimenslow «re 
given in Teble I. 

(b) The "b“ dimension was inereaved by 1/2" to allow 1/)" 

extemsion beyond the Lins of bell bearing support at sack 

unioaded edge. 
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Flatiiag Dimensions 
Nominal a/t 
30 50 
6.750 103168 
10,500 15.080 
if, 9/32 
67S 0699 
27.0 h6.5 
6.750 16.188 
15.500 22.375 
i, 1/32 
ohi50 alt 65 
27.9 46.5 
6.750 10.188 
23.000 33.513 
vn 1/32 
2300 2310 
27.6 46.5 
60%86 10.288 
30.500 14.25 
Wu 7/32 
2225 0233 
27.0 86.5 


10.186 
2237S 
5/32 


65.2 


13.2313 
26.085 


130313 
56.75 
5/32 


85.2 
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Ii, FROCEDIRE 


hy General 
The analysis of the behevier of flat plates is based upon a given 

stresa distribution, in tals cave the distribution of the force applied 
at. the loaded edges. The problem, then, was te provide a meant of 

applying a untferaly distributed eige load ani at the sane tise to main- 
tain simple support at the loated edges, so that the eiges of the plate 
were allowed complete freedom of rotation and freedom of translation in 
the plane of the plate wrile being restrictei from any lateral movement. 


Be Distribution 

A variform load distribution cam be obtained by one of two methods, 
either by causing a unifors contraction in the plane of the plate, or by 
applying a load which is distributed by some external systes. Either of 
these methods provides the desired loading comliticn prior to buckling 
of a perfectly flat plate. In th: case of a plate in a ship's structure, 
the asmeption that the "loaded" edges of a panel remain streight (miforn 
deflection loading) is probebly closer te the actual situstion than is 
the assumption of a uniform load distribution, Wowever for reasons given 
below, this method ef loading is very difficult to use. 

The avalleble testing machine, showm in Fig. 3:, has om upper loading 
head which is a hollow cylindricel forging approximately 15" outaide 
diameter, end 11" inside; the lower head is 2);" square. Since the largest 
plate is 56 3/k" wide, some auxiliary device was noceseary to distributs 
the lead to the plate. Praliminary calctletions indicated that an I-bezn 
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which would limit the dixination of the stress near the ends of the 
plate to a nowinal value, say 5% of the averages, would be of prohibi- 
tive size. This analysis is borne out by the fact that the constent 
deflection heads of the testing machine st thes Devid Taylor Medel Basin 
are extremely deep. 

The solution commensurate with the time and money evallable wes 
the use of a system of seven 20-ton Zlackhawk Forto-Power hydraulic jackw 
eormected to a common manifold, identical systems being used at both the 
top ami bottom of the plate. The testing mechine transxitted the load 
throagh an 18ingh wide flange I-beam to the jacks whieh in turn applicd 
the load to the plate through the arrangement intended to provide simple 
support. This systen, while not exestly reprodusing the practical ai tuase 
tien, provided a solution wilch was feasible, and geve known comiitions 
of loading. 

Bridging the gaps between the jacks was a 3/)" x 3.5/2" x 5° bar 
ef AISI C-1045 steel hardened to 50 Rockwell 0. The purpose of this bar 
wee to further distribute the lead hetweer the jacks when they were widely 
separated, and served as a bearing surface against wiieh the loading sege 
mente bore. The bar was ground flat on one side, end of the other ha’ 
@ shallew grecve ground to ailow two alternative ways of veling the bar. 

The leading segments transaltted the load from the leading bar to 
the plate itself, ‘These segnants ware out from 3/1)" dlameter drill rod 
wrieh had a longitudinal groove milled to center depth; the red wee then 
out to lengths of 7/8" and 1/2", the shorter segments being placed at the 
end of the plate. These saguents were hardened to a hardness comperadle 
to that of the loeding bar. These segments tranamitted the load along 
* radius te the eige of the plate. In this way torsicnal restraint along 
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the plate edge was negligible, the plate edge was free te rotete, and 
the sliding friction and/or the groove in the loading bar prevented 

lateral movement of the plate edges. It is believed that a very close 
approximation to simple support was achieved. 

in the degign of the segments, sufficient clearance was allowed 
in the willed slot so as to reduce the probability of a metch failure 
at the internal corners. To reduse the amount of eccentricity of load- 
ing, shinning strips 0.017 inches thick were inserted betwen the plats 
wides ami the segments, (See Mgure 27.) 

After the firat test showed that the load distribution was quite 
erratic, a gesket of neoprene wee inserted between the plate edges and 
the loading segnents for the purpose of eliminating local herd spots. 
In later tests gaskets of 3/32" end double 1/16" diameter rosin cores 
solder were used for this aame purpose. Although the problem ef hard 
spote was not completely solved by thiz means, it wee reduce ac an to 
indicate the use of the gaskets was beneficial. 


C. Instrumentation 

To obtain the required strain measurements, Type Aw} SR; electric 
strain gages were mownted on opposite sides of the plate at the center 
of the plate, and in some cases at additional locatione along the hori- 
zontal center line. For the purposes of deternining the distritution of 
the applied load, gages were also mounted along the top and bottom edges 
as close to the edge as possible to measure the least favorable distribu- 
tion. (See Fig. 18.) A four-arm Wheatetone bridge having as active 
gages, the gage on the plate end a compencating dummy gage om an unloaded 
plate of the same thickness, wae used; the strains were read on a Daldwin 
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Type K (or L) Strain Indicator. Strain readings could be read to + 2 
atervinches/inch. Although the ascepted accuracy is + 5 microinches/ 
inch, differences of + 10 microinshes/inch betwee initial and final 
sero readings were not uncommon, and occasional shifte of greater megrin 
tude were recorded. Mowever, in wowt cases the sero shift was frou 0-0 
microinches/inch, 

Lateral deflections were meawured by an Anas dial gags with a rangs 
of 9.500 inch, mounted so as to slide along 2 planed angle iron at the 
horisental center Line of the plate. (See Mgs. 30 ami 32.) The dial 
gage iteclf was accurate to within + 0.001 inch. However, sven though 
the angle upon which the gage was mounted was calibrated when the systenu 
wes unleaded, no attempt was made to check whether or not it deformed 
any when the system was loaded. 

The total jead applied ws measured on Massachusetts Institute of 
Technology testing machine No, 105, «& hydraulic installation Indlt by 
Southwark-imery with 2x capacity of 300,000 powxlz. n the lower seals 
(030,000 pounds) leads could be read te + 10 pounds, oni when the machine 
was used to apply the load, the low could be maintained te + 50 powxls 
of the desired value. When the hand pump was usel te apply the Lond, 
comparable securacy could be obtained, the load readings being taken on 
the testing machine. 

As en additional check on the total load, ea Babcock ami Wileox gage 
with a range of 0-1000 pal was used to measure the pressure at the manifold 
of the upper jack systen for som testis. 








The test plates were provided by Bethlehewa Steel Co., SAipoulildiig 
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Division, Quincy, Mass. They were laid cut in the sees direction and 
eut from a single steel plate. Qf the sixes of plates for which the 
apparatus was designed it is considered that the group of plates with 
the lowest aspect ratio (1/i), 4.e., those having the longest loaded 
edge, presented the mat difficult problen in securing « reanonebly 
veriform load distribution, Hence this group of four plates was selected 
to evaluate the apparatus. The opposite siges of a1] teat plates were 
planed parallel to each other. 

In order to mount strain gages on the plates it wee foun! expedient 
to sand-blast or shot-blest these pletes in order to remove the mill 
scale. One of this group of plates, Plate No. 1, was aclested ani 
instrumented along both edges as shown in Fig. 1B, Siel type A-3 wtorain 
gages were mounted close to each loaded edge so as to fall weler and in 
between each of tae jacks. Gages were mowrted in epposite pairs on both 
sides of the plate aml cennected so each gage could bo read individually. 
Memee both bemiing moments and direct stress can be found. Flate Na. 2 
was instrumented with Nive pairs of gazes located on the canter line of 
tie plates along the "b* dimension as show: in Fig. 23. Plates Neos. 3 & 
ly each have one peir of gages loceted at the center ef the plats. 

Due to the shearing, machining, end bissting, the test plates werw 
slightly curved in both directions. This curvature wae aluimised as far 
am practicable by subsequent reliing. It was found that the curvatere 
remxining in the long direction could be straightened by inserting Wock- 
ing between the plate and the angles connecting the "s"-elge supports, 
These blocks were removed before the first readings were teken. hen ‘hw 
grooved side of the loading bar was used, this was not necessary, The 
curvature along the shorter dimension is treate! as an initial unfairness. 
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During the first run on Plate No. I (Mig. 18) the specimen was 
inadvertently buckled end an ultimate lead of 35000 pounds wes vecorded, 
At this tine it was expected thet this ultimets load would be higher. 
Hence it was necessary te reestraighten Plate Bo. I befere further 
testiag could prosesd, This was accomplished successfully uelng the 
testing machine as s press. 


Eo DBraluation of Test Apparetus 
A total of eighteen tests on Plate No. I were run with the test 


apparatus to determine the loat distribution. In each of these taste 
some detail of the loading systen was changed, gach as the jacks (ith 
or without), loading bar, gasket, shimming, or losting seguents. is 
all of these tests the sane plate was used since a total of 60 gages 
were installed on 1% for this purpose ani it was wot prectical te 
ineteusent nore plates this fully. In each test a loud of about 20,000 
pounds was applied and held for several minutes to set the gasket. The 
leoai was then removed, end re-appliei in progressive steps, gages being 
reai aj several values of the icad. 


F. t 

Buckling teste were made on the plete used in part D ebove, ami on 
three other plates of the same size. It should be pointed out that 
these teste were made to augment the evaluation of the machine aml rot 
primarily to obtain buckling deta. 

Im each of the buckling tests, the load wee applial by means of 2 
hand pump cormected to the manifold of the upper jack system. Zero 
readings of the strain gages were taken when the plates were in places 
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ready for tasting but before any loal was applied. The loal was 
applied in increments of 2000 pounds wi strain gage readings tein, 
AX certain leads further readingy werw taken for geyes other tas 
thees giving buckling data in order te check the ised distribation. 
Some lateral, defloctions of the plate were also recorded. 

To obtain the wuitimate lead, the lower head of the text machine 
wes moved up wrtil the load began to decrease. This we taken as the 
ultimate Loud. 
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The results of evaluatios tests run on test plete Me. 1 (eee 
Wig. 1B) ere presented graphically in Figures 1 to 20 inclusive. 
These plote depict average strein readings 1 1/4" frem each 
loaded edge of the plate under and between each hydraulic jack 
position along the "b” edges. Griginal data and semple cniculsa- 
tioms on selected tests aye given in Appendiors @ and D respect-~ 
ively. 

fo supplement the abbreviated description of the test om 
gach of the Figures 1 to 2) inclugive there is presented here a 
code of test description. A wore ceteiled description will be 
found in Appendix RB. 

2. Code of Teat Deacriptio 
a. Toad Application 
(1.) Machine - Losd applied with 300,000 # hy@ravlic 
testing machine, No. 105, Testing Materials Laboratory. 
(2.) Pump - Lead applicd with hydraulic basi pump 
through top syste of jacks. 
b. Jacke 
(1.)} Seven 20-ton hydreulie jacks em each edge es shown 
in Fig @7 end connected te & coamon manifold. (Pig. 3). 
&. Mo Jacks 
(L.) All jacks vemoved. Loading bar bearing directly 
on I-besuas . 
~18- 
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ad, Ber « Londing Ber 
(1..) 3/4" » Designates burdened eveel ber 3/)" x 3 5/8 
Sea Mg. 27. 
(a) (F} © Flet «lds of bar toward loading seguenits. 
(b) (0) = Groeved side of bex toward Loating 
semmants . 
(25) 1/16" o Designates thicimess ef cold relled steal 
ber = 1 1/2" wide. 
(30) 1/k", 5/16", 3/8* ~ Designates tixtekness of cold, 
rolled steel bar 1 1/)" wide. 
@. Gaxket » Description of gasket neterial between edge of 
test plate ond loading segnent« 
(lo) Meopwene ~ 1/16" x 1/8" cat from neoprene ehoet. 
(%) Selder o strip cut fren roll of rosin corw soldur. 
a) 3/32" — Dimmeter. Single strip par edge of plate 
bd) 2/6" — Diemvter. Double sirip elde by side per 
edge of plate 
f, Shin 
(1.) O.@LY" shite stock inserted betwen each side of 
sequent groove axl sids of test plate. Remaining clear 
smee ~ 0,003" 
fie Ro Siriow 
(1.) Shims rewrred, Clearance bebwsen segaext slot ani 
plate apurocimately 0,035". 
h. Load 
(1.) Gage reading of 300,006 # testing machine. 


w LO = 


2? = pint 2 
AAR C0 A wed Swe ect wet - 


re 


eee el od ee ee Oe 
ele! et ed hr en eee (i -” 

a a 

nom niet tie © ie te. Ty NP 

wae Wit ee 

ihe Ww comity eateeghet =. De OE A 


ie Wliaees eel 


gh amet ete Cree ete! . wot 2 
eet wires ee@ ge (OU 2 A = cee 
nie ree ies Gee pet im ens ~ wee TO 





sinty te agle ery crude cig cool WOE fe 
ee thio wh <tr Eowe alae ote « “RY (fe -— F 
ano | 
—_ » 


Te okt de mutes oPeeEns ete the YEO (£7 
—weele qwatntuar! ciety (wt be sebe cee ever Aes 
tw ~~: 

idk « 
fan Sehr soe? coated enews) ewes eet, 1.0) 
RES [ieee wee 

wu « 
Ampines pide? (OND Wn pedlees eget (.£) 


~ @ 





i, Test Plate Orientation 
(le) Orientation indicated by showing Llecation by 
omer of eat gages on the teat plate. 
jo Commuted Strain 
(1.) Average couputed strain fer a low! of 16,000 lbs., 
10.3 wiexo inches pew inch, is shown aa a horLscertal. 
daaked Line, 
Four glnte specimens wore tested! to cltiimate fallurw in the testing 
apparatus. Results of the testa are show: in Table IT amt Pig. 21. 
Deflections end strain gage readings are show: in Appendix MN, 
Toe failure of each plate was observed to be one neded in both a 
ani b directions, 
in each test the los wes applied with the hewl posp ani shims wore 
inaexrted between the plate aml leveling segments. Plates 1 & 2 were 
tested with double 1/16" diaweter solder gaskets ami with the flat side 
of the 3/4" leading ber toward the segments. Plates 3 & kh were tested 
with alingle 3/32" diameter solder gasket with the grooved wide of the 
3/" bax towards the leading segemte. 
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Plate Data: afo> 0237 

aft 86.5 (ae) 

E 20,300 kips/in.* 

Material: Mild steel (1020 ship plate) 
Boundary Comlitions: Simple support on a1 four edgee. 





Plate fo. Critical Strain Gage Initiel $ Uitdimake 
Location from Plate | 


Def Lection Load 
(danhes ) (ineines ) (Kips) 





le Boh" lett 0.085 0.1535 see ™ 
1.32" up 
Zs 10.06" Left on 0.057 0.155 29.05 
center line 
3s a center 0. G09 O.15L5 32.5 
he at center O.072 0.1540 33.5 


* Fair of gages on cpposite sides of the plate ani nearest 
the maxinun deflection of plate under lowl. Long axis of 
plate is horizontal. 

 ULtinate load after re-straightening and after many stress 
cycles to loads below the ultimate. 
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Figures 1 to 20 represent the rewelia of an effort to obtain an 
acceptable stress distribution along the loaded sige of the test plate. 
Test Ne. 1 (Fig. 1) indicated immediately that the equipment wes not 
performing as desired, The values of the svevage strains did however 
tend to vary about the mean calowlated strain indicated by the dashed 
line in Migs. 1 to 20 inclusive. Subsequent tests are attempts to 
isclate various causes for the wide variation in sirain. It must be 
aimittied that the results of these further tests were not comletely 
satisfactory. Fairly wide strain variation continued to exist in ali 
of the tests. A summary of comparison of average observed to average 
computed strains axl percent deriation for the various tests appears 
4m Table ITTA, Appendix ©. It may be seid however that in general the 
average line of the plotted distribution of the ebeerved strains 
remained parallel te the lcaded wige, The necessity of using the 
hydraulics jacks hes not been clearly demonstrated here. Test Nos. 19 & 
16 (Figs. No. 17 & 16) show scatter not far different fron ether tests 
exeept that a load concentration appeared on ons "a" oeige, Suck resalts 
however depend om the accuracy to which the I-beams can be shimmed inte 
& parallel position. Under heavier loads that were not needed in these 
tests but witch wil) be required for completion of the testing progrem, 
the local stress concentrations produced by the bean shims may affect, 
the Lebeems locally and destroy the original aligmsent. Such action we 
actually cbeerved when the Iebeams were originally set up and plaved in 
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position. Alao, the loads used in thia part of the project wre not 
severe enough to materially deflect the I-beams. It is this deflection 
which the use of the jacks wos designed to overcome. Jt was expseted 
that on the plates with shorter beedge dimensions, the use of jecks 
would not be necessary, Based on the resulta of this thesis, it is 
felt that ne conclusive statement on the future use of the jacks should 
be mele. 


2, Strain Gage Locations 

The strain gage locations on Test Plate No. 1 (Fig. 18) were placed 
as Glowe to the edge of its plate es practicable as it was expected that 
at this location the strain veriation would be 2 meximm. Due to the 
wide variations in strain observed, 14 te believed that further strain 
resdings are needed from more closely speced gages between jack positions 
in omer to trace the reasons for these variations. It should be pointed 
out that where the 3/" loading bar is used, peak strain readings do not 
always fall wuler jack locations. Also the jack foot itwelf (see Fig. 27) 
is not solid across the loading face. This my give rise te some strain 
variations especially when Lighter loating bars are used. 

It ie expected that the strains at the middle of the test plate would 
be considerably moderated through shear action even when varying adjacent 
etraines ave recorded near the loaled edges. It is the strain at or near 
the center of its plate that is cf primary interest when tests or buckling 
sré performed, Further experiments should be performed to deterxine the 
validity ef this esmumtion. 


30 Performance of Hydraulic Jacks 
Tt is know that two factors are present which eowd affect the 
@ 3h « 
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waitoemity of eetion of the hydrwalic Jacks. Friebion forves may vary 
Zee jack to jack ani. prowebliy vary conmsldersily within owe jack with 
changing loadsa. The pluager rebum eprings in each Jack may not pro- 
duce idwatical return forces. For morwal jack useg:, tho wailtormity of 
tins Dluager return aprings is of Littie consequence, Benen 2o eamact 
be aseumed toatl the memufectiirer aes Geko special came to obtals such 
‘She weaubte of Desta 3 to 6 (Figs. 3 te ©) could indicate thet the 
Lower jack systex was prrfoming better thes toe upper syutem fince the 
variations in strein always appeared to be Less oo the Lower plete sige. 
in order te Check this in@iestion ani to check tee Jeck performencte en 
a whole, Teste Moe. 10 to iz (Pigs. 10, 12, & 13) were vou with « leading 
ver 1/216" ia thickwess. This var merely served to hold the loading seg- 
Weets in pisos betwen tle jacks. Yory little low diststoubion by tris 
bar wee expected or fount. Beferring to Tig. 13 it would appeer toatl 
ts jocks fuscticosd wifermmly. Ween amatidering that the possible errar 
in each of the steain poimts plotted is af tz: onder of + 5 mleroinches 
per inch, theese remulte exe exeelient evidences thet the Jocks axe tumec~ 
tieming peeperiy. Tee low over of ihe readings compeaed to tie compubed 
erechge etrain bas no paerticuley eiguiticancs ber ginse the strain read 
ingt woter each Jack loutie: are elec water the hollow pert of Uw jack 
2eo%. Measionm preediugs would occur about one and ome-belt inches on 
eitmer siae of the present gag? location depewliieg preciaeiy om the 
relative poeltios ef each somgeent lu the critiea: area. 





4%, Efferts of Gaeeeta 
A tompuriecn of Figs. 1, 2, 3, & 16 can be wade to study the effect 
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of placing gasket material along tie loaded aliges of the plate. Fron 
Figs. 1 & 2 it cam be seen that the use of 4 neoprene gasket mterialiy 
yedased the strain variation. Compariag Fig. 3 with Fig, 2 it appears 
that the use of a single solder wire gasket: fuctser reduces those 
werlations to a small extent. Figs. 3 ami 16 shew little changs 
resulted from using a double rather thas a elngle solder strip. This 
comparivon is complicated by the fact, that the flat side of the Loading 
bar wet weed in Fig. 14. 

It seeme evident that part of the strain variations are due to 
local uneremessa in the plate or leading bar ai that tie affect of these 
points on the straia distribution can be reduced through the use of a 
tha: & neeprese gasket although thia difference may have dlsagpeare: 
extirely if « thicker neoprene gasket wire asad, The remilis alwo ten! 
te indicate the advisability ef wing nev gasket material for each Lest. 





5, Siac and Shape of the Lowiiag Bar 

A comparison ef Figs. 15 aad 1G imticated that the preseme of the 
3/is* think loading ber quite logically temis to bridge the gap between 
thea pointe ef load application under saw juck but 4m Bo delag introduces 
level strain variation of considevable magnitude. 

be attempt was made to cCeternine Lf om optinam bar size existad 
between the two extreme sizes wed in Figs. 15 and 16 by inserting bars 
of intermediate size. (See Pigs. 19 & 20.) The vrewaltse of these test« 
aeem te indicate that the thicker bar should give better regulte bub thet 
tha 3/8" x 1 1/k" ber gives aceeptable results. Since the plate teste! 
uses the widest jeck spsolng of 211 the plates in the test vrogren, 
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aiffieulties ef bridging the ges between jacks ull derrease on thn 
vemining plates. 

Whee vweing the 3/L" leeding bar a cholew extated on which face 
te use, Plet or greoeved. Dring the erly teste it was felt that tiv 
position of the sexgmmite in the greorvs may have given rise to local 
strain verintions. Renee, iw flat aida of the bar wes used in subes- 
quent tewts. A comparison of Pigs. 3 &  howsver shows that Little 
differeace im strain variation can be attributed ta this effect. 
Actoally during the buckling tests, {+ wes found that lt is necessary 
te we the grovred side of the loading bar to prerent lateral sovrement 
of the lowled aiges vhon high deflectims cam’. 


6. Mifeet of Sirius 

A steady of Migs. iy 5) 99 & 16 seem to iwileate thes the presumes 
ef shims baz little effect on the situin variation. Bowver it iz fet 
that shine are neceseary woea eceviueting buckling testu. The willed 
grooves im the leating segaents are epprocimately 1/32” wider tian tee 
plate tixiekness, The presence ef the shins decreases the poasibd lay 
of ecsertric lomiing on the plate by inewring thei the plate adgs is 
cewternd at ox unxlex the radial center of the leading @egment. <% 
the laafing bar is used. 


Yo Mifert of Loading Seguents 

Two testa (Mgs. 7 & @) were rom without segments but with « sheet 
Lead gasket. between the plate ami the lemiing bar. Strain variations for 
these tests wore generally worse than for other comparable rome. Tt is 
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difficult to separate the effects of the change in gesket material und 
the effect of the segments. The combination of effects however causes 
wighex strain variations. It was felt thet the geaket material used 
hee (lead roof flesning) seams too stiff a material and its effact 
weaked that of the seguents. 


i. General 


The comparison of the critical etreas of the plate specimens with 
that of the theoretical predictione (See Table IIIB) was most gratifying 
end. constituted an important phase in the cverall evaluation of the test 
equipment. Although evidence of a concrete nature is lacking these 
results tend to support the view that both the stress distribtion and 
the achievement cf simple support on the plete edges was satisfactory 
at Least to a practical degree. Farther teste should be run te support 
this view. In particular a separate test perkams witht “e"-adge 
gapports should be run to check the ection of the segments to detexainue 
if rotetionsl restraint is presest. It is felt thet fairly high leading 
would have to be developed before any appreciable resisting moment couid 
QEVRLD 

The results of the buckling teste do not completely allay the appre- 
hensions developed under the discussions of uniform edge loeding. These 
vewaite do, however, proveke the thought that the degree of uniforaity 
necwsnaxry for uniform buckling regults i6 not as stringent as heretofore 
Supposed . 

2 Bffeet of Initial deflections 
Tt will he noted in the results (Teble IL), test Plate No. 1 failed 
« 39 = 
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at a considerably higher load than the remaining specimans. I+ sheuld 
aiso be noted that the original ultimate ioad before the plats was 

3 was 1200 lbs. lower than the final wltimate load. Unfor- 
tunately too few strein readings were recerded preceding the first 
ultimate load on which te base sn estimate of the critical lead. It is 
nelieved however that the difference in the first and final ultimate 





loads can be explained at least in part by the fact that in restraighten- 
Ang the plate, a complex contour of the plete sarface was introduced. 

It is believed thet the strength of such a plate is increased depending 
on the amount end character of the departure of the initial unfairness 
from the final deflected shape of the plate pricr to yielding, With 
#imole support such shape is usually sinusoidal im form. No particular 
correlation between initial maximm deflection ani final ultimste or 
buckling loads could be found with the remaining plates. This tends to 
support the belief that in thin plates character of the initial contour 
is an overriding effect when considering the strength of such plates. 


3, Action of Wide Thin Plates Under Edge Compressions 

& comparinon of Euler's colwm formila ani the solution of the 
plate equation for the critical stress indicate that the only difference 
in form exeept for the Poisson effect in plates is the value of t in the 
solution for plates. For wide plates this value is very closes to one. 
Hermee one would expest wide plates to behave very much like colwms up to 
the critical stress. An inspection of Figs. 24, 25, & 26 indicates that 
44s test plates behaved very much like eccontrically leated columms where 
the deflection grows continually wider increaring load. Under such con= 
ditions it ie somewhat an artificiality te attempt to define a critical 
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FIG, 24 
STRESS VS. STRAIN DIFFERENCE 
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PLATE NO. 1 
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FIG. NO, 24d 
PLATE NO. 4 
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FIGiZS 
STRAIN DIFFERENCE -LOAD RATIO YS. STRAIN DIFFERENCE 
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puckling lead. However the necessity exists if comparison to the 
theoretical buckling stress ia to be made. The significemt load how. 
ever, ju thie case is the ultimate load, the occurenes of which is 
provebly coincident#l with the development of a plastic Kinge in sn 
element of the plate. Bleich | Ref. &, Pp. 475 | gives « predicted value 
for the ultimate stress in wide plates based on Marguerre’a large 
deflection theory. Sach predicted values based on Jy and Jer lead 
to absurd values for the plates tested since the assumption that the 
plate remains a rectangle is not valid for these plates. It ia believed 
however that Bleich’s predicted values cf the critical stress for the 
remaining plates la the test progrem will be extremely valuable in 
alerting the experimentor to impending failure. It should be noted 
that the authors failed to obtain a sufficient number of readings just 
prior to the ultimate load cn the plate. Tre character of the load- 
deflection near failures plays a large part in determining the theoretical 
vaiue of the critical stress. 


%, Calibration of the Testing Machine (See Appewiix 5). 

While this topic is not atrictly in the nature of a result it doce 
have a bearing on the validity of the camperison of buckling resuléa. 
The difference between the load Iniicated by the testing machine enc. 
that indiosted by the by@raulic jack pressur: at the manifold does not 
necessarily prove an error exists wit it dows admit the possibility of 
such an error. It te expected however that eny correction if required 
ill be small eince the three gages on the machine agree vary closely. 
Before future teating proceeds however, the teating machine ghoul’ be 
eelibrated. 
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Yo COICLUSTONS 


RT Ra RE al, 


1. The low distribution provided by the test apparatus is not con 
pletely satisfactory; however certain lesser conclusions can be drawn. 


ie 


B. 


So 


as 


6» 


The hydraulic jacks functioned! as they were expected to, 
altheaugh there is not encugh data at present to conclule they 
ave necessary. 

There wes no general slope to the mean line cf strain distri- 
butions rather the strains varied about the computed average 
value. 

The stiffness of the lowing bar is an important factor in the 
load distribution and one which is subject to more stuiy. 
Factors other than the jacks produced serious strain variations 
as is evidenced by the fact that the strain peake showed no 
conslatent tendensy to occur under the jacks wren the hesvier 
bars were used. 

Losa distribution is not markedly influenced by type of gasket 
ang whether or not shims are used; however a new gasket should 
be weed for sach test end shine showld be used to reduce 
eccentricity of loading. 


2e Although me specific investigation was meds, it is tentatively con~- 
eluied that simple support was obtained, in view of the following observa- 


tions: 


is 


Be 


Be 


The final buckled configuration. 

The fact that the edges remained straight vren after buckling, 
especially when the grooved bar was used, 

The resultent critical stresses. 
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3. The equipment is essentially satisfactory for proceeding with 
future testing. 

4h. The grooved bar should be used for buckling tests. 

5. The stress distribution at the edge of the plate is not extrenely 
critical for buckling teste. 

6 The buckling and ultimate strength of wide thin plates is not 2 
function ef the madeua measured unfairness alone since the initial 
eontour and past histery of the plate may have overriding effects. 

7. Due to the difficulty of kesping initis) deflections small with 
respect te the thickness for these plates, buckling loads eannot be 
obtained directly but must be obtained by extrapolating the data. 

8. Wide thin plates aet Like colwms and their strength is effected 
wut little ty the presence of support at the mioaded edges. 

9.  Gentingent upon the previous conclusions, valuable buckling cata 
was obtained for one series of plates. 

10, The theory as presented in Bleioh [8] is supported, and can be used 
at least to predict the approximate critical loads for future axceri- 
mental. works. 

li. Insufficient data was teken in the vicinity of the critical load. 
12. Insufficient data was obtained to analyze the growth of unfairness 
in the plates. 

13. While no conclusive evidence exists, there is reagenable doubt as 
to the aceurasy of calibration of the testing machine. 
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VI. RECQMENDATI MS 


Further investigation of the stress dlstribution should be mule, 
and attempts made to improve it {f necessary, uming « plate with 

a larger thickness ani analler a/t ratio. Strains should be 
measured at one edge (aa bafore), at the center line, ari in de- 
tail between ti adjacent jacks both at the edge aml the centerline 
to determine mora completely the nature of the distribution. 
Further tests should te comlucted te compare the operation of the 
apparatus when the hydraulic jacks are used ami wher the loading 
bar bears directly upon the I-beam. 

Colum tests should be rum (no “2"-eige mipports) to deterxina 
whether simple support is obtained at the “b" edge. 

The test plates will be more acourately cus if sandblasting is done 
before the edges are mechined instead of after. 

Dieteh's theory sheuld be utilived te predict the eriticel load for 
future experimental work. 

More data should be obtained in the region of tke critical load. 

A dial page with « longer trevel is necessary to measure the growth 
of unfairness as the plate ia loaded. 

Before more tests are made, the testing machine should be calibrated. 
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Presented herein is a pertinent exserpt of Project 569 of the Hull 
Structures Comsittee of the Seciwty of Nawal Architects avi Marine 
Engineers. 

Proposal. 
Project S-9, Baekling Strength of Hull Structures 
9 April 1953 


"Tt is the cpinion of the 5-9 pamel that progress in the subject of 
the buckling strength of Inill struchures may bext be aceomplished by a 
combination of librery end experimental research preferably carried out 
together to avoid duplication ami, at the sane tine, to avoid weiue 
delay, The two proposals presented at the 5 December meeting of the 
full Stewetore Comittee possessed this balance. Since the funde rade 
avallable do not permit carrying out the dual progran proposed, a mre 
modest one based on the same considerations is submitted at tiie tine. 

The desired area of study concerns the behavior of elemental flat 
plates under pure compressive leading, Even for such coometrically 
simple elements ard leadings there is alewst no know experimental vari. 
fisation of theory in the range characteristic of transversely freasi 
ahip proportions. Witness te this fact is borne out by the extensive 
wee made of Montgonerie's fermlations presented before the Society sf 
Havel Arebitects of Japen in 193), which nevertheless do not approximate 
ship conditions in that the short wiloaded edges of the plates ware 
misugportec. Furthermore, in thiz range any data distingzishing between 
imekling and ultimate leads is almost non-existent. 
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Tee concrete proposal here wade is to ctitain experimental date for 
flet plates simply supported on all four edges and subsequently tor 
Joeked edges elasticelly supported with unloaded edges simply supported 
for #ide ratios (a/o) of .33, .9, .75 and width-thichness ratios (b/+t) 
of hO, 70 amA 100. Mlastic odgs restvaint coefficients of .25 and .50 
per page 436 of Bleich's “Buckling Strength of Metal Structures,’ are 
contemplated for clastic cases. 

Fellowing « thorough Literature seaceh af this restricted area of 
the buckling field, sech tests might readily ve performed oa plates 
1/8" thick by 3 ft. wide (about 1/% full sise)." 

/e/ J. Harvey Bvens 
Chairman 
Panel fer Project 5-9 
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24 Buckling Tasory 
The fundamental general equetion for 2 thin flat plate wer the 
astion of forces in ite middie plane, when the deflestion wis saall 
compared to the thickness t, has been developed by St. Venant from e 
et +See 
eT Stas poe toe 
(axe * oy a a )= ~t(n rte i= 


“s 4" 
L (3) 


weere 0, ani 0 y are the normal stresses in the x aol y directions ay! 


7? aw eee. The moment of inertia ef a wit strip of 
plating is 1-2) , 2 As Young's wochdun, ami D is Poisson's ratio. 


When Cys Txy =, the equation simplifiae to the form, 
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ae ( 2 t+2— + aa rG,t — = O (2) 


Bleieh [81 nas mggested an empirical modification of equation (2) fer 
ail eases, even these where the critical stress aay exclude the propo 








tismal Lisit. 
¥ 7 gta 
magne 11% —— ; oo + Galt -=& @ (3) 
ox dxdt a i aX 


se 



















. e -« -— ee 
ot wha etnies enid 
Seen 0 p weisaniine babnene 
= rch comet at ef Aegon cnet amet of 
. an rd 


—_— oe o= 











> = 
+. } pS . ~ » ~- , 
r q Y a 


- ba 





See chet 5 ew 5 oa eed Oona = Lomwen AY Ne | O 


vation *emmiiet al & tee ,coteium aig a2 5 He 








ee ee | 


~X4 Yp&  — *ph*nx6 ™ = 4 


B10) unkenos bo eulionttines inten as Semmes sad 12 | = ; 
“Tye at eter ay otras Coat wi eons seus seve _— 


i Se 


— 





Wo. Sta CM, Sp 
ae Px & 


My eS pa7ne 


For wide plates, however, he recommends the wee of a simplified 
equation by Ros and fichinger, 





Vs Yos~ 4 2 
OMe Maes) et TE - oO = 


since it. presents an casler solution, and eince the difference betwee 
the results of equations (3) sai (1) 1s net very great for such plates. 
The general solution of equation (:) 4s 


- ag C, Co$ B= <a = 
wrmin 74 (c, cos 24 + Cres @ - ) = 
wnere Lior = 2 (VK + JK-4 ) 


ani it derelopes thet when the bountlary conditions of simple support are 
satisfied, the following characteristic equation isa cdtained: 


tan 2 - ki tan St ra S (KR) = (6) 
where J ie the coefficient of edge restraint. 
Thie equation yields characteristic values of T, at wilek the plate 


changes from one configuration te snother, the lowest value being the 
Wang kh ing Stress, C .. 


x Er ET 
7 12 (J- v®) ys) Com (7) 
Ou Gen = 405" = ae 
is (8) 
where K== ae 
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Bleich presents « teble of E values for various combinations of 
ana [ [Ref. & p. 436|. Yor plates simply supported ° 

Solution ef equation (3) for comiitiens af sLaple support at «il 
four edges gives the result 








7 x aor + \* oA nr = 
os ocey (6) Gare te? . 


where n ia the number of helfewaves in the buckled shape. 


3. Determination of Load 
The theoretical buckling load is the load at which the plate 

suddenly ceparta from its plane condition smi assumes a buskled shape 
with two-dimensional curvature. This loai can be calowlateid by apply~ 
ing the “least work" approach introduced by Kirchhoff ani applied to 
plates by Brym. In pracidce tids phenomenon may not occur abruptly 
due either to initial "“woplaneness" of the plate, or to the fact thai 
tae yield point is reached in the fibers of the plate befere buckling 
eceurs, The buckling load as obtained in practice wut be a rather 
fietitiow value found by come leas direct means. Methods avealleable are 
the "tep-0f-thaeknee" mothod, the “siress«reversai" method, Vasta's 
method [19], Yoshiki's method 60 , ani Southwell's or Donnell’s method 
(48), [28). The tep~or-the-knee method depends upon the rate of change 
of the lateral deflection with increasing load. This deflection may be 
meagared directly, ex the bemling moment in the plate as determined by 
the difference of the strains on opposite sides of the plate mey be use! 
86 en indicative value. The strain reversal metho? defines the buckling 
loai as Ghat at wich the sleps of the strain-load curve for eitier side 
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gi tie plete reverses direction, Veste's method is based upen tho 
shortening ef the plete fm the direction of the lead, ami could be 
applied with diffieulty in this investigation since it is based upon 
a "sonstemt-deflecticn” application of the lead. Yoshiki attempted 
te eccentuete the change of slope in the loaldeflection curve veal 
in the "top-of~-the-kuee" motned by plottby deflectlea-squared versus 
the load. 

Southweli's method is based upon the banding ef a column which kaa 
some ivitial wifeirnesa, Starting with the basic differential equation, 
the following expression can be arrived at: 


sop = 4 dy (10) 


If a plot ie made of 5 ve. d , the slope of the line is the inverse of 
the aritios) lead, end the intercept on the d-exis is the initial dsflec- 
tion dp. 

Dormell bas devised « variation on Southwell's agthod which hes sone 
advantages, If P is plotted against 4 , a line is ebteined whose 
equation fas 

Por P te S (22) 
Tae intberespt en the Foaxis is the buckling load, awl the glepe is the 
initial wofairnese. 
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The survey of the pertinent literatwe indicated that 
Pelyelrone [40] and Capozzoli (12) had tested plates of high as- 
pect ratios at Massachusetts Institute ef Technology. Equipment 
was designed and built to provide simple support of the woloaded 
edges. This equipeent vas mete availeabls to this project If ite use 
proved feasible. ‘The total lezgth of avppert for each edge was 34"; 
hence this limited the total length of “a*~edges of each grow of 
pilates to be tested if these supports were to be used. A chart was 
meade of the ratios a/b, a/t and t of tae plate specinens ing values 
ef t for standard plate sizes end limiting the thickness to 5/16", 
the maximum capacity of the supports. 

The maxiwon capacity of the muterials laboratory bytirmulic 
testing machines was 300,00) pounds. This placed an weer limit on 
tie elise of plates whoich could be tested. 

With these two criteria, i.e., the total longth of “a"-edges seni 
the testing machine capacity, the plate sises were selected and art 
presented in Table I. 

o) B-Edges 

Since the longest selected plete was 56.75" in length, the tect- 
ing jig must be about $ feet in length. The upper head of the test- 
ing machiae presented an ammvlar bearing surface 18° 0.D. by 11” 1.D. 
The lower head was # 2 foot equexe. Expected load analyses of the 
| plate sizea indicated that sine 43.75” x 10.19" x 7/38" 
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imposed the severest condition om the jig both strengthewiss sad 
from the standpoint of distributing the edge loading. 

Preliminary calculations indicated that allowing a strese varie~ 
tion of 5% along the leaded edge an I-bean of epproximately 12 feet 
in depth would be required to bridge the gap from the head of the 
testing machine to 3.75" length of plate edge. This was in line 
with the experience of the David Taylor Model Basin where constant, 
displacement heads of the same order of magnitudes were foun! necessary. 

It was felt that a more practical solution would involve the 
ues of hydraulic means to distribute the load. Accordingly it was 
found that comercial 20-ton hydraulic jacks could be fitted in the 
testing jig, seven on each edge comnected to a comeon manifold, wiich 
when backed by an I-beam ef approximately 15" depth should provide a 
solution to the problem. These jacks could be placed slong the I-beam 
(See Mg. 27) with different intervals to swit the particular plate 
aise, It was found that these comercial jacks (See Fig. 31) could 
normally be expected to withstand a 10% overlead. Considering this, 
seven 20«ten jacks would equal the rated capacity of the testing machine, 
4.@s5 300,000 pounds. 

There still renained the problem of converting the load from each 
jack to 2 more uniform low on the plete edges ani still maintaining 
this edge es simply supported. Frankland [19] merely butted the square 
edge of the plate against the flat loading lead relying on friction to 
prevent lateral motiony Yoshiki [60] used the sams arrangement except 
that he rounded the edges of the plate te minimize the rotational 
restraint. 


~ $6 « 


te te a erste aie! OF we os ae een Terie. cue 
te salowients 
palee! gia af quittuwtwast 
~kOw? mares atte Gama 
a puprel’o fod fabratiad 
oe 
qhiadaiidninieieatiaesden? 
wh) of ow U0 ee 
eee Re ne ow uth 
a thee Y caine ame a ie ew Joeredreld 
sian to ay CumiMateke of comen etarnegd to sem 
a jator=eee cat? gmret 
oy ol eww ad ml ete Aes antl a 
aes kei en hte at ancin’ co el Coed cmt 
. hi - ahaa 
owed ont pelt fern) © be? cles see .enléeng ae 
wetuodoeg el ol pe 
as «pd ee) fee a tewwmes su Ge deere eer 171 
pega caa Dealrorye Ne ee 
anata eft Yo Yitueme beter wit levee bieew etcel, a0 Gares 
aiewo OWE , ek 
p cwerwece ) tithe se 
Se atone, ata Cag bees 
aahaeedsmnentiniianns the cite 
wre! oto a 
Wee AE Welle! Uhre [EL] tetas apaaaciaml 
TOL ee ght ey teed petteel all a deetege fe ig 
: won at teu [00] gtitect pomblen Leteded = 
wart ie 4 Dae a 
Lee ielrt om" ee meek letters 








~ ot 





Since both of these methods necessitated very careful machining 
of the plate edges, it was felt that the same result could be ac- 
complished by using the milled or slotted cylinders which would fit 
over the edge of its plete and bear on a loading bar which could else 
be used to bridge the gup between the jacks. (ee Fig. 27) ‘The 
cylinders, or loading segments eheuld be restricted in length to 
minimise torsional reetreiut on the lowed plate edge. Both the 
segments and the ber could then be hardened to resist Geformtion 
under the high loading at the point of contact. The loading bar 
wee ground flet on ene surface ani flat with a shallow groove in 
the other surface. It was believed tois groove might be necessary to 
restrict lateral movement of tee plete. 
ce) "A".Bdges 

In onder to avoié transmittal of load to the “a"-edge supports, 
these supports should be completely independent and mounted free 
from the “b"-edge loading arrangement. The “a” -cdge support should 
prevent leteral motion of the edge a? the plate while permitting 
both rotation svi translation in the plane of the plate. 

It wes found thet the “a -sdgs supports designed by Polychrom 
[40] and modified by Cepozsoli [12] permitted freedom of rotation of 
the plate edge for about 20° on either aide of the plute axis if the 
ball bearing races vere permitted to slide on the chenne] sides (Sea 
Fig. 29). The ball bearing support allows transletion in the plane of 
the plate end can be adjusted to the thickness of the pinte by the 
use of spacers between the race support and the channel, with the 
final adjustment of the desired pressure being accomplished with the 
tinuh screws. The chammels are beld in place by am arrangement of 
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rods wl turnimckies connected to angl« iron braces rigidly attached 
to the frawe of the testing machine. (See Figs 33) 

The two "a"-elges ae commected to each other by an angle on either 
wide of the plate to prevent the support from slipping off the plate 
eige. These angles botn have ons edges planed to serve as a base for the 
sliding dial gage with which actual deflection measuwcements (4") can be 
read. 
ad) Bydravlic Jacks 

The I~-beams were both skim-machined to provide a Plat base fer the 
hydraulic jacks. Theses jacks ave further held in position by two angles 
on @ither aide which are bolted te the I-beam but held the jaeks only oy 
clemping friction. These angles are slotted to ascomendate the hydraulis 
fittings es the jack positions are changed. The Blackhawk Company, mens 
festurers of the hydraulic jacks, indicated that reasonably eqial pressures 
could be expected in each jack when several were comected to a comaon 
manifold. Seme slight variation in delivered force, however, may be 
expected frem varying friction leads in the different jacks ani varying 
back preesures created by the tension in tee epring cf the pisten retarn 
mocnanlon. 

bach of the seven jacks along ene edge of the plate was comected 
to « manifold munufactered from 3" diameter cold rolled steel. (See 
Fig. 30). This manifold slso had outlets on which s pump ani pressure 
gage could be mounted. (See Fig. 34). 
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In order te facilitate future use cf the equipment a brief dea. 
eripbion of the methed of asveabling the test equipment ta given. The 
weight hexlling equipment consists of a chain hoist and a nerrew four 
wheeled truck which will fit easily between the frame of the testing 
machine, The steps are as follows: 

a.) With the chain holet end sling place the upper I-bem on the truck 
smi move inte position in the testing machine under the upper heat of 
the machine. A 1/," shim will be found between a spacing ring clasped 
te the I-beam end the beam itself. This shim should be towards the 
window. It is convenient te lift the wheels of ths track over the ledge 
ereated by the difference in height of the floer level] and the lower 
head, by mens of o lever. The wheels ace then blecked up te the prover 
height and the truck moved on to the lower head. Once the equlpuant is 
em the lewer head 1t is advisable to raise the lower heat slightly, about 
1/2" to prevent the possibility of locidng equipment between the upper 
ami Lower heada. Should such a leck become positive it wight be necessary 
to dimnaartle the testing machine to remove the equipment. 

bo) The upper head is lowered carefully over the 2° stud protruding from 
the I-hean, The plate washer and mut ia secured loosely on the stu. 
The I~bean may now be lifted clear of the truck and the truck removed. 
It may be convenient now to lower its I-beam until it barely rests on 
the lower bead. The beam may now be positioned on the heal. ‘Seribe 
sarks will ve found om the epacing ring and the wpper head cf the test~ 
ing machine to facilitate alignment. When the bean is in place the 2” 
nut should be tightered ani the upper hest reised about 2 ft. clear of 


the lower heed. 


ee ae ae 


8 ie . sua aD ow re ites ee a” 
O eretg ot temaSee re a pttoeess i aie ot! re 
st omer + et Fehr tent & te Wheteeme Hommel petted Mii len 
wd ed Ve wet Lum teeta thee HE Libr Chk te saSedll 
ONT te en beer ae antattly 
ord OU my eT ee Gd cunt mutts tem sie nine off cone Th 
te tant ame ew he coh pure ie ot mttiong ml Bee Oh 
CARLA AST Delings & rented Re ew Ph al SAY abt od 
oo whens tet Remy Ahir ATT uted ee a oe edt 
oprd ee wry sate On We eieede Oe) LK af fakbeeens Of T - 
seen! ar ee Gevet sm de We Hoye il Tm TUDe wet op SARL 
ers al 8! op hei) oct ow tee wT Ames tne Gr ld 
82 hememvery wth ome hed amc! att MP ce eee Cony nell eck 
smd CANES Need ouew! wih waley of eiesatvs at t bad deat’ a 
TEES RY SDR! FoReRIN BROWS te wet Ninoy edd ene a AYE 


























eee ee ee ee ne 


ee ee ee ee | 

aorl enhierry lecte 98 At ee Citra Beewss 6! due! egy a Oe 
ere wet: rm ylvemet lec as fe Unie ine otty oct elt ot 
teers ARNE Od tm det wi Ae wogly beh Tei we ben “pls Abed ball 
afer Tlows +4 Jen wert 0 att comet ¢ oe end reves od eee UF 
OP New oT inetd ime of wet Ee anew OST leet eee SD 
a et Ree ee er ee ey eee ld ow Geld of Lis cree 
S at One ee at oer ee te ne wtelhtingt af niin gat 
te wey 6D ls Bales teat my oF tan Amma e ed Does dee 
«tds wmrel off 










- @- 





co.) Tre wpoper aysten of jacks, already positioned as desired between 
the clasping angles may now be lifted as a wiit ani placed on the truck. 
It will be found that if care fa taken, the jack feet are wide enough to 
prevent this assembly fron tipping. The truck is then moved into poaition 
under the upper I-bean ami the bolts secured. The upper heal ani jack 
syaten is lifted to a mexiwum height aml the track removed. 

d.} It 4s usually convenlent to leaves the lower systen of jacks attached 
to the lewer I-beem. Thie whele essembly then may be lifted on the track 
and moved. into position on the lower heac with only the frent wheels on 
the lower bead. ‘The lower head is raisei about 1" or 2" ant a bleak is 
Placed wuler the higher end of the beam. The head iz then lowered so 
that one end of the I-bean now rents on the block. The other end of the 
beam is then lifted clear of the truck with the chain holet amd the truek 
vemoved, The lower head is then raised until the I-~bean is nearly sup- 
ported by it. &£1/k" shim is inserted under the edges of the I-beam neare 
eat the window. It is advisable «+ this peint te pesitien the lower 
i-beau on the head ty lowering the upper head and matching the opposing 
jacks. Sach shims es deewed necessary wider the lower head sre best 
ineerted at this point. The blocks ant chain heist are then removed ari 
the lever head brought dewn te about 1" from ite lowest position. 

e.) The a-edge supporting amglea with rods attached may then be placed 
sort clecped to the proper height on the H-beam frames of the testing 
mopiine. The “a"=edge channelz, held together with thelr supporting 
anglea whieh are epaced according to the width of tue plate specblesn, 
are slid into position and rested on the ends ef the lower leading bar. 
The tursbuckles may then be seevred and the "a" -uaige supports Line! ap. 
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f.) After initial deflection ef the plate readings are taken, the test 
plate is placed in position between ite “a -edge chennels and rested on 
the lewer loaling tar. The ball-bearing races are insertad to held the 
plate in place. The shims for the loading segnernts, if used, ere heli 
in position slong the tep edge either with C-clamps or a segment placed 
at each end, or both. The gasket material may be placed along the eige 
emi the remaining segnents, positioned on the top edge of the plate over 
the gasket end shims, The method of placing the segeents along the 
bottom edge of the plate depends upon the type of gasket material used. 
The thusbecrews on the "a"-edge channels are tightened eo that the plate 
may be suspended from the "a"~-edge supports. The lower head of the test~- 
ing machine 1s then lowered slightly. If solder gasket material ts used, 
the head is lewered about 1/2". The ecgmente may then ve slid into 
position from either end of the plate. The solder may alao be run in 
from the end of the plate between the segments and the plate edge. The 
shims are tien inserted between the segment and the side of the plate. 
If a flat gasket such as the neoprene strip is used the segnents must be 
rolled in from the side of the plate. Careful spacing of the distance 
between the plate edge and the leating bar is necessary to accomplish 
this successfully. Ths lower head is then raised until the nlate iz 
supported. Both upper ani lewer head and the "a"-edge supports ere then 
peritioned so that approximately equal plate cverhang remains esbove and 
belew each "a"-edge support. The plate is now ready to lea. 

g>}) The strain gege hoek up may now be completed enti sero readings taken. 
The pressure gage and hand pwap may be connected to the manifolds if 
desired. A slight loai sheuld be placed on the plate, probably not 
exceeding 1600 powids. The loadet edges of the plate may be Zoraed inte 
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a straight line aa the segemts tend to seek the lowast part of the 
groove in beth leading barg. It is useful te apply sone grease to the 
loading bax groovaa to facilitate this operation and suveequent sliding 
when plate deflections are large. The straightness of the edge may be 
checked by eye or with a straight edge, Zero or near~sero caflection 
readings may be taken with the diel gage at desired locations slong the 
horisental center line of the plate. 

ho) The application of the leat should be gradual at first wrtil «11 
jacks heve time to equalize their internal pressure. There showld be 
about 2" of each Jack ram protruding, more perhaps when higher lowis 
sre reached. The amount will depend on the degree of leakage in the 
system. A stress of about 1000 pat is needei to defers the solder 
gasket if this type ia used. The lead corresponding to this stress 
should be plated on the plate and allowed! to remain mtll the rate of 
decrease of its leat ie nearly sere. If it is desired to obtain test 
pointe belew this leading care muet bse taken net to wiload the plate 
entirely if straightening of the "b"-eige waa reqgeired. The test is 
now ready to proceed. 

4.) Diseseembly of the equipment generally follews the reverse of the 
method desorihed above. 





In order to evaluate the effect of the various components of the 
test cpparatus, teats weer different conlitions were run and deveribed 
eryptieally in the deta sheete end en the graphic resulte. (Figa. 1 ta 
20} .5 
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as) Lead Application ~ Machine or Pump 

It wae intended that each set of hydraulic jJecks (top wx bettun) 
would be connected to a comen manifold with the jacks partially 
extended. The testing xnashine would then be used to appiy the low tic 
the jack aystem. In en attempt io evalucte effects of jack friction ao 
hydraulic hand pump was comected to the top group ef jasks emi the lead 
was applied in this manner. It was founl aleo thet the quicter operation 
of the hemi pap was more conducive to efficien? test proosdure, hence 
this method was generally used on subsequent teats. 
be) daeks « No Jacks 

One est of terte was run without the kydresiic Jacks in order to 
ascertain their effect. Uhea the jacks wers rexoved the two lowling 
i-veqmet were girlesed so as to be as nearly paralic) as practicable, 
eo.) Bar 

The hardened loaling bar designed fer the apperatus is designated 
by the thickness (3/i") and whetner the flat (7) or grooved (4) side of 
the ber bere on the segments. (See detail Fig. 27). Since the lowling 
pressures on this particular size of plate are comparatively lew, coid 
welled steel bars 1 1/)" wide andi thicknesses 1/16", 1/4", 5/16" asi 
3/8" were substituted in various tests in an effort te shed light on the 
effect of the stiffnesa of the bar on the test results. 
ds) Gasket 

In an attempt to eliminate local wievencases in the edge of the test 
plate various sizes and types of gasket materials were placed along tne 
eige of the plate wader the bearing segmenta. Wheres « plastics gasicet 
material was used awh ow the selder, the gesket wes first set oy rwwing 
up the lead to approximately 25,000 porwxis avi allowing the gasket wateriel 
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to flow plastically for several minutes until the rate af drop in the 
load was approximately equal to that of normal leakage in the hydraulic 

The neoprene gasket was cut from a sheet 1/16" thick to a width 
equal to the epproximate thickness of the test plate. Two diameters of 
solder gaskets were used, 1/16" ami 3/32". The 1/16" solder was used 
as # double strip side by side, whereas only a single strip of the 3/32" 
diameter solder was used. During two tests where no segments were used, 
a strip of leat house sheathing about 1” wide and 1/16" thick was placed 
between the loading bar and the edge of the plats. 
e.) Segments - No Segments 

Since most of the test results indicated the presence of fairly 
high moments in the plate from the beginning of the tests, it was decided 
advisable to determine whether or not the bearing segments influenced 
this phenomenon. Accordingly during several tesis these segments were 
renovred aml the plate was butted up against a sheet lead gasket on the 
loading bar. 
f.) Shims ~ Ho Shims 

The segments were made with the slot a minimum of 1/32" wider then 
the plate. In order to reduce the possibility of eccentric loading and 
te cheek the effect of this clearance on the observed mements in the test 
plate shim stock was inserted to reduce this clearance. On the tests 
where shims are indicated, shim stock of .015" and .002" were placed 
between both sides of the segment and the plate making « total additicn 
of shim steck .031" en each "b*=-adge. ‘The maximm estimated clearance 
between the plate and the segments after the introdustioa of these shins 
is .603". 
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Go) Lead 

The lead was measured on the most sensitive gage of the testing 
machine that would record the load, Three gages are available ef 
ranges 0-30,006 pounds, 0-150,000 pounds, 6-300,000 pounds, ALL gages 
haves adjustable zero readings so that the weight of the apparatus in 
the machine is compensated except for the upper lowiing bar and zeg~ 
ments . 
ho) Ph ~ Internal Hydraulic Pressure of Top Systen of Jacks 

In order to provide a cheek om the total load recorded in the 
testing waohine aml to aid in determining the force syatem on the 
loading bar should this be nesessary, 2 pressure gage 0-1000 pounds 
wes mounted direetly on the upper manifold of the tep hydraulic jask 
aystem onl the pressures recorded. 
4.) Strain Gage Readinge 

These readings axe direct readings of the strain gage indicater. 
The index newer did not change during any given test and to save space 
this number fe recorded only under the sero rewting. The sero reacting 
wes taken after the geaket hed been set but with the blooks used te 
minimise the curvature of the test plate in the "b"-edge direction, 
still in place. Time did not permit com@lete cycling of the gages or: 
each run but Pinal sero readings were taken periodically to check the 
instrunentation. The diuey gage wea mounted en a plats of the sane 
thickness and same material as the test plate. The leads to the strain 
gage indicator were about the same length as those from the test plate. 
The dummy gece was loceted es close at practicabie te the test plats, 
40) Deflestions 

Initial defleetions in the "a"*-edge direction were recomiel on 
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Plates 2, 3, and 4 at 6" intervals from the cowter lines ani at the 
center. Deflections at the conter line in the "b"~adge direction 
were recorced at eavh gage lecation on Plates No. 1 am! No. 2 amept 
near the "a"~adges on Fiate Ne. 1 wheres wiring interferel. Here the 
deflection noted was between the two end gages as noted. Deflections 
on Plate Ros. 3 ant l) were recorded at the sees location as the initial 
resdinga. It will be noted that in certain cases the deflections 
exceeded the maximua travel of cne-half inch on the diel gage. 
ko) Plate Orientation 

In Figs. 1 to 20 the plate orlewtation 1s indicated by the number 
of the strain gege in cach corner, This plate was reversed ducing 
Later tests along « diagonal «us a cheek on effect of umerenesser in 
the eige of the plate. 
1.) Computed Strata 

The computed average strain besed om a low of 10,000 pouwls at 
the area of the test plate (b' x t) aswaming « value of E 26,360 
ikips/inch® is shown as a dashed horizontal Line 





ms = 40.3 in/in 


Sines the seeuracy of the individual strains plotted is 5 «in/in 
gaily values of the individual strains above 145.3 or below 35.3 should 
be comsiderad ag different from averace values. 


lh, Date on Test Plates 

a.) Length~ 1 = 13.3125" 

bo) Widte = b= 96,75" 

6.) Thieknecs = This dsension veried slightly among the four teat 
plates. Measurements were taken along the edge with a micrometer. The 
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plates were weighed and an sverage thickness determine! asswting # 
density of steel 0.283 peunds/inehes”. The surface of the plates were 
slightly pitted from serresion and shot bleeting. Ths depth of pits 
was determined fairly aceurately by measuring the "s"-edge where tn 
surface hed been growed to the depth of the pita. {in average depth 
ef pits as determined by this method is 0.002", The pitting is fairly 
evenly distributed over the surface and it is estimated that an average 
thicknaees Le to oas half of the average deptu cf pits. However tae 
affertive thickness of ite plates is esasidevred t be the thickness to 
tia bottom af the pits sime the lines of stress ulll not follow the 
eontwur of the pita to «a meked dagres. This san procedure is follow 
in caleulating the walue of the modulus of elasticity (£), hence the 
effect will tem te cancel in the anelysiz of plete strength. 






; aty 
Plete Mo. Weight (ibs) tar. 2h tar. (wier.) Pits (corrested) 


(4n (4m) (in) (in) 
1 Bea 159 ol BTS 200L, 1535 
2 3402 oL62 2h. SB5 oO; ob 54S 
3 33.8 0158 21535 oO 0155 
4, 3468 2163 21580 OM, o15k0 


Hominel thickness of the plete iz 0.15625" 

Since the ecele vas securmte tc 6.5 pounds wri ite density of the 
wteel was aswumed, 44 1a baliewad the micromcter readings, even though 
teen only arewsd the edge ef the plate, give a more aveurate reading 
of the plete thielmess, 

d.) Ratios 
“3"..aie0 Dimeangiens Defined as the Lengti: between "a"-adge soyerts. 
T/e® on eeah emi of the plate was allowed beyond the senter Line of the 
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row ball besringe in the "a*-edge support. 

b=b! ~ 2% 1/i" = 56,25" 
"Atsadge Dimension: It wee considered originally that this dimension 
showld be the over-all width of the plate plus the distanee added by 
inserting the loading segments over the plete edge. Tre plate sises 
were determined on this basis. Further reflection indicated that the 
trae length of the "a"-eige dimension should not include the sidition 
due to the seguents. The edge ef the plate extenia to the center of 
the seguent (wiemus gasket thickness). ‘The loai however i» always 
spplied timough this center even after deformation since the segment 
ia cirowlar in cress section. 

a=width of plate = 13.3125" 


Aspect Retde afr - 2S = 00237 


Thickness Ratio~ a/t - 223128 = 85.4 Pit. #1 
$4.8 Pit. #2 
$h.8 Plt. ¢ 3 
5.1 Fit. # bk 
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DETAILS OF LOADING ARRANGEMENT 
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FIG. 
DETAILS OF LOADING ARRANGEMENT 
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FIG. 30 
DETAILS OF LOADING ARRANGEMENT 
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Evaluation Tests 
E ow 81.1. in. /in. 


P = 20,000 lb. 


Test, 


Pd 


c av Lowest C. % under Highest © , & cover Mex. % 


1 rt &.5 46.5 h2.7 153.0 88.6 88.6 
B 78.0 35.0 56.9 152.0 87.5 

L tT 82.2 48.0 40.6 126.5 56.0 56.0 
8 G7 39.5 Si. 9h. 16.6 

5 T 76.9 51.5 3606 9.05 16.6 4359 
B 70.2 45.5 43.9 102 25.8 

T 601 46 40.8 116.5 36.3 40.8 
B 69.0 4&7.5 41.5 96.5 19.0 

7 T 69.6 3hes 57.5 97.0 1926 71.0 
B T.2 23.5 71.0 105.0 29.5 

13 ¢ &.7 55.5 31.6 12 36.9 49.3 
B 78.1. 47.0 2.1 121. 49.3 

ui fT 7.0 7.0 42.1 138.5 70.8 70.8 
B 72.6 52 35.9 95 5 17.8 

15 tT 66.1 22 7300 118.5 46.2 7h.8 
B 62.7 20.5 Th.8 88.0 8.5 

16 T 72:0 52.5 3503 145.5 79 ol T9 ok 
Bo T2k 26 68.0 112.5 36.8 

17 tT 6&3 3 5609 118.5 46.2 81.5 
B Gh 15 $1.5 120.5 48.6 

18 tT 7.9 2% Gls. 3 106 30.7 Fol 
5 Wo2 17 79 02 212.5 38.8 


* T- Top of plate 3 


B- Bottem of plete 
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Table ITT 3 


3 

13.323 

56.75 
1.55 
0.237 


367 


0.009 
6,018 


Buckling Testes 
Plate Ko. 1 2 
a (in.) 13.323 13.323 
» (ine) 56.75 56.75 
% (in) 0.1535 1.85 
afe 0.237 0.237 
aft 86.8 86.2 
oft 370 367 
d, (measured) (in. ) 0.085 6.057 
d, (Bonnell) (in.) 0.638 0.089 
dg (Seuttwell) (4n.) S,0b4 0.061 
G wht (emp.) (pe) kyo 337% 
GY ef (Theory) (pei) 3780 3830 
O ov ("F.0.K.") (pat) 3730 2620 
G er (Dennell) (pst) L610 3530 
G er (Sowthwsl1) (pet) L520 35h,0 
Baomall « Bleish «x 100 + 23eh 





°7.83 
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0.619 


3720 
3834 
3210 
3560 
3635 


a 053 


13.313 

56.75 
1350 
Co237 

86.5 


3830 
3810 
3190 
41.20 
3940 
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D, SAMPLE CALCULATIONS 


i, The longitudinal strain in the plate at 2 given point on its neutral 
exis was chtained by averaging the stenins chtained from a palr of gages 
mounted on opposite sides of the plate sad opposite each other as show 
on Pig, 15. All odd mombered gages wars on ome side of the plate, ani 
all. vren numbered gages were on the other, the arrangement being such 
that eath odd gage hal opposite 1: the gage with the next highest even 
reer. 
i 

Thus fer gage nusbers 67 and 68 in Test No. 19 on Plate No. 1, at ao load 
af 20,000 pounds, 

€4=+ 16] sleroinches/inch 

E 9+ 9359 microinches/insh 


eg: & de ho : #8) wieroinshes/inch 





2, The average longitudinal stress in the plate was cbtained by dividing 
the total epplied lead by the edge arse af the plate. 
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Ga * bixt 
For Test No. 19 on Plate Ne. 1 at a load of 20,000 pounts, 
P= 20,000 lbs. 
bi. 56.75 ino 
% + 0.1535 in. 


oa 000 > 2295 ped 
Cw EWA AE -1535) 


For the see test, at the eritical. Leed, 
Paw = 110 4:06 lbs. (Donneli) 


Gav > Te 9c (0.1838) ™ 
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30 Average strain was calculated ueiag the stresses obtelued above smd 
tae value af E obtained from Appendix F. 
Our 
Ca? 
B ~ 26,300,000 pel 
A®% 20,000 pounds, 


- Se > Bl.) mieroinches/inch 
4 different value for ©, is obtained if the plot of axial strain (<.) 
is integreted by the trapeseidal rule along the line af gages, meers 
7, 8 through 35, 36. (A value of 81.1 will be assuaed for the axial 
strain at gages 35 ani 36, since no realings were obtained at those gages 
for this test.) 


(333k) 
= iz|3 E7,8)+ Se a+ 3 £0(35,36)| 
(92.0) 


st ae (106.6) < Th.8 wleroinehes inch 


Lo Fercemtage of maximum deviation of axial strain from average strain 





Eo,7 yore < Gl. miereinches/inch 
E, wax - LLG mieroinches/inch 
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5. Strain difference (proportional to lateral deflection) was obtained 
by subtracting reatlings ef epposlte gages. Arbitrarily this was teken 








a2 
Eg» S45 (4) 
For Test Ho. 19 om Plate lic. 1, waiag the values in (1) above, 
E ge Fy = @ 359 ~ (+281) - 50 mborainches/ineh 
bs op-of-the-iinee Method). To obtain this value so 





calowlations cther than those given above for 0, amd (Zp-¢,) were 
necossery. After plotting G2 va. (fg- 2) the tangents at the extremi- 
t4ee of the curve were drawn. The interacction was taken as the buckling 





For gages nunber 67 and 68 in Test No. 19, Plate No. 1 at 2 load of 
20,000 pounda, 
P= 20,000 Ibs. 
Ege f)+ =5h0 mlereinches/ineh (from above) 


fen zq Sho | 
— 20, 000 . 0.0276 


€ 
A plot of FA “Va, Ege f, gives a straight line with a slope 


equal te tha oxrttical load. 
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a ) [(é. -€,)] 
"Of (é.)/e]) 
me 4 39,490 lbs, 


Ben. 


c _ Fer . 520 psd 
wv ”~ txt 
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The intercept of the straight line with the (“,-*) axis represents 
an eqaivelent initial deflection of the plate. 


(EF qeZ 3). = 355 mieroinches/inch 
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2 
x “4 
gv = 0.3 
L = 13.313 in. 
t - G.1535 in. 


(Sp-5) = 385 x 10° 4m./in (from shove) 


2\2 
Gy - 3h cere (385 x 10°56) = 0.0378 in. 


, 










rst =e i = 
fo 
7 - ¢ - ~—— ome eo 


, = a Gas 


—_ 
——sseaeeeea = ae 


te 


, tle eel onl. 





jae ,# 


a, 











“v 
5 





> 
{5m SE 


ZF 


< xl 


& 

a Saeeet 

3 a | ee | 
5 eke 

>. 

aan ee 
e.g 

cored sevt) ad \ant Ee Be <= (p35 o5R) 


nt Mo = 9 ‘WEee #2 . 




















8. Gritdesl lead (Donnell's Method). Denmell's typa of plot determines 
the eritical lead directly as the intercept on tre Peaxis of the plot of 
Pwa. P/(Ep~€), 

For Test No. 19, Plate Ne. 1, 

Por = 40,400 Ibs. 
P, 
Ctr = = = h6k0 pad 
The slope of the plot is the equivalent initial deflection 





(Ep Ex) 2 J [ pi 


: d[P/ee 0] = 15 mieroinches/inch 


dy = 0.42 in. 


Ger _ TE ) + 
m7 ik 





Re “a 


T 42t-v*) 

& =28, 300,000 1bsa/in.* 
y¥=0.3 (assumed) 
&=13.313 in. 

bd =56.25 in. 


« = 0.237 


Ek =1.113 (Table 4,0, Ps 1.36) 
i ad 1.000 
Te = 160yh00 +° 


Plate Mo. % (4me) Tor (ped) 
1 01535 3780 
2 01 Sh5 3830 
3 015h5 3830 
ky 21.546 3810 
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: Z 
be Ve= ( #) k (3) 
where i = 26,300 Ib./in.” 
Y=0.3 
= 13.313 dn. 
b =56.25 in. 


= = 0.237 
“ 


E=(L+ cy fer plates simply supported cn all four edges 
n 
n=l 


-(2237 , 2.,)* = 19.90 
mf _—* x] 


Opp = 162,000 +* 
Plate No. Ter (pst) 
+ 3790 
2 3840 
3 38L0 
A, 3820 
10. Hodulus of Elastic 
For specimen musber 1: 
L= 20547 in. Huggenberger ¢. F. (#1) =1051 
w=0.8435 in. Huggenberger G. F. (#2) = 1040 
$=0.,1572 in. 
At P= Os Ry =1.55 
Ro=1.51 
4% P =2160 Ibs. 1 Ry —1.09 
Ro = 0,86 





P 2.16 
oot TOM Ole rey =16.28 KoBole 


x eS = h37.5 mieroinches/ineh 


si bebe aot = 625 microinches/inch 


&= at = 52. microinches/inch 


From a composite plot of all three specimens 


E--at- = | = 26,300 ko@ed. 





Z. SUPPLEMENTARY DISCUSSION 


i. Comparison of Methods for Determining T;, 

The “top-ef-the-knee" method gives walves which are lowe: than 
the theoretical buckling stresses ani are alao the lowest given by sny 
experimental analysis except for the strain-reversal nethod which was 
not usable in this case. This is in line with previous experience that 
this method gives low values whenever there is appreciable initial 
unfairness. fo obtain better resulte it is cecessary to apply the 
metned to e series of plots for plates of the sane sine but having 
different initial deflections. Jf « line is then draw through the tan- 
gent intersections end extrapolated to the (axis, the intercept reore- 
sents the critical stress for s plate of sero initial deflection. This 
method was not usable for the series of plates tested in this work since 
there appeared to be no well-defined line through the points. A further 
difficulty in using the "top-of-the~-imee" method is that a lerge mwber 
of points must be taken around the buckling point, end even then the 
upper tangent may be somewhat difficult to draw. 

This same difficulty is inherent in Yoshiki's method, although the 
difficulty of drawing the tangent is reduced if a sufficient muber of 
points are taken, and the kmee appears sharper. 

The Southwell method [6] ari Donnell's veriation [18] are based 
upon colum theory rather than plate theory. However, these methods can 
be applied to some plate situations, especially when the espect ratio is 
small and the $ ratio is large as is true for this case. For other plates 
these zethods may be invalid, but the fact that the plots are straight 
lines for the present teste ia strong evidence that the results are good. 
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In any event, alther method may be helpful in that additional points 
can be teken from the straight Line plot and used to more fully 
define the T-d curve when the “top~-of-the-knee" or Yoshikils method 
ia used. Bonnell's method seems somewhat preoferel!.e when it can oe 
used since the plotted points are evenly spaced (for even Lacrements 
of load) and since the critical loa! can be real directly as the 
intercept on the Peaxise. 

2. _ Deflection Measuranents 

Paring the tests numerous lateral ceflection measurements were 
made alLeng the plate, using the plened edge of the angle connecting the 
"g"~edge supports as the reference lines. These proved to be practically 
useless, since the plate adjusted iteelf in the early steges of loal- 
ing, and the deflections for the lower loads did not reflect bending 
in the plate. Attempts to use these values when making backling enalyses 
generally faedied. 

A fer better measurenont of the lateral deflections in the plate 
was the difference of the strains in opposites pairs of gages. These 
differences wre directly sroportional to the moment, and when the de~ 
formation of the plate is siruscidal, they are propertional to the 
isteral defRection. These values are free of the effects of any lateral. 
movermnt (without bending) which might occur as the plete adjugts it~ 
seif to f1% in the grooves in the loading bar. Furthermore, these 
readings do net reflects residual stresses which mey be present in the 
plate. 

e Initial deflections were measured et various points on the four 

plates prior to placing them in the test epperaivs. This was accom= 

plished by laying a straight edge across the short dimension of the 

plate, and measuring the largest unfairness with a feeler gage, A plot 
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of the unfairness aleng the plate’s horisonial centerline did mot 
define any simple curve such ag a sine curve. Thue it was impossible 
t consider these measurexents as aything othe: than an indication 
of the approximate magnitude of equivalent unfairness, The extra 
poleted values of d, taken from the Donnell and Southwell pilots com- 
pare feirly well with these measured values except. for the case of Plate 
Heo. 1. (See Table IIIB). In the case of Plate No. 1, the measured 
values were especially dubleus since it was necessary to bleck the plate 
into place prior to loading in order to make the long edges appreximate- 
ly straight. The extremely complex initial curvature offeoted not only 
the equivalent initial unfairness but epparently nale the plate more 
resistant to buckling, probably eince more energy was required to pro« 
dune the finel ainuscidal configuration. 
During mest of the teste a 0-1000 lb. gage was comected to the 
upper manifold and the preamsure recorded along with the other data. The 
gage was calibrated at several points us! the results plotted. (Ses 
Fig. 35) Te ebtein an equivelent gage pressure as indicated by the tast- 
ing machine gages, the total indicated lowi was divided by the totel 
jack ren area of one set of jacks. Ag can be seen from Fig. 35 the 
difference at 20,000 les. indicated lowl on ths testing mavtine, and 
integrated jack leading is shout 615 ibs. Extrapolated to 30,000 lbs., 
the approximate range of ultimate platy leads, this difference becemes 
shout 925 lbe. | 

If we analyse a free bedy diagram of a jack 1% 18 poesible ta 
draw some congludions shout this observed difference in readings. 
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; ' JACK RAM 
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FREE BODY DIAGRAM 
FORCES ON A HYDRAULIC 
JACK 





Froaa Fig, 36 we can write the following ocuations: 


P= Peay eS +F (12) 
Pi= Pads ~ & +F (23) 

where 

P = tetal load on I-beam, (lbe.) 

Po =totel lead on edge of test plate, (lbs. ) 

Py = jack interne] hydraulic pressure, (psi) 

A,=total piston area ef seven jacks, (sa. in.) 

& =tetal return spring force of seven jacks, (ibs. ) 

F =totel friction foree between jsck rams end jack cylinders (lbs.) 
Under the conditiona whieh prevailed when gage readings were teken the 
rans could weve only inward since the hand pump was not in use, Hence, 
the direction of the friction force, F, is known. 

Fron equations (12) and (13) we have: 

y= 7s ext 
P « Paya, =F 8 

Unfortunately the pressure gage ettached to the jack manifold was 
not sensitive enough at or near sere readings to give ea value for & 
at different jack extensions. 

fhe results indicate however that if the testing machine gege is 





a true measure of the load, P, 
P > PyAy or 
P « Py >o hence 
Pes >0o er 
PF 7S 


Thies regult is sbeurd when P, ~ O since the spring force dees indead 
evercom: jack friction and retura the raas to the initial position. 
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The validity ef this inequality when PF; is large, camot be judged 
scouratealy from the known data. Howsver, the analysis shows that, 
the observations of Fig. 35 are possible, i.e., that the testing 
machine gage readings may be correct, but the results giso cast rea- 
sonebie doubt on this assumption. On this basis the authors re- 
queated that the gages of machine No. 105 be calibrated at least at 
one load, 20,000 lbs. It was found that the last calibration test 
was performed in April, 1950. Unfertunetely the calibration was not 
completed in time for inelusien in this thesis but such « confirmation 
vhould be made prior to future buckling tosts. 
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DETERMINATION OF YOWME'S MODULE 





fo determine the modulus of elasticity of the test specimens in 
CoMpresuion, « compression jig using tae siugie plate method described 
ani built by Pelyehrone (40) was used. 

Exietly the jig congiste of a frame which holds the guide plates 
and specimen in plase and contains « subpress in tne form of « pliwiger 
which bears on tre specimen. The stesi guide plates are milled with 
trismmguler grecves woich rum the lengts of the specimen. The grooves 
opposive eath othex in the guide plates are staggered so that Lateral 
extension ef the specimen is permitted when e load is applied. Two 
Huggenberger strain gages of one inch base length are attached te op 
posite edges of the specimen through apertures in the frame. Guide 
plete pressure end centering is accomplished by adjusting two 3/6" 
knurled screws untdl they are just hend tight. 

The specimens were rough cut from the same plate and in the asme 
direction as were the test plates. Test plates and compression speci- 
mena received the same surface preparation sueh as sammie er Bhnte 





biesting or pickling. 

Three specimens were prepared end milled te the final dimensions. 
The thickness wae deterained in the saws manner as that described for 
the test plates. All specimens were of the same length an! width, 
6.835" x 2.5) 7" which conform te the ASTM standerds of 2 i te 3 propor> 
tion. (Deaignetion E9=33T) The resulte of the three tests are given 
4n Pig. 37. There are several pessible sources ef error in this prece~ 
dure. The grooved guide plates do not permit complete freades of 
Lateral extension. This hae effect primarily om the determination of the 
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yielé point. There is o friction force develoned between the specimen 
and Ste guice plates and also between the plunger er ites guides, per- 
ticularly if the leading should be uneven. Since the surface of these 
spocinens was quite reugh, care was taken not to tighten the knurled 
screws excessively especially sinee the prime result expected was the 
modulus rather than an accurate yield point. It should be noted how- 
ever that euch a friction force would temi to reise the velue of £. 
Sinee the value of 5 found was elichtly below that which ene vould 
normally expect for the type of steel tereted, 14 is probable that the 
effect of suck fricticn was not large end wes reasonably constent for 
ell tests. 

‘The variations ceeuring in the stress-strain curve above the 
preportional limit are probably caused by uneveness in the load dis- 
tribution acress the loaded edge of the specimen. If cons aide was 
lowi«l more heavily than the other, the strain on that side would reash 
the proportioned limit before the other side and ceuse the curve to be- 
come more linear at various loads depending on the decree of umeveneus. 
The points recorde’ sbove ite proportioned limit were recorded after 
reasonable yielding had teken place but no ettempt was made to wait 
until final values of the load and ite strain were recorded. For this 
particular study an accurete value of the yield point ie not necessary. 
It was felt thet there was no need to pursue thie phenomenon further. 
It is believed, hovever, in the fubure development of this test program, 
an agcurate value of the ylel:l stress will become laportant to the 
analysis of the data. Henee, the reasons for these variations should 
be pursued. 
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Test Specimens? 


Strain Gages: 


Testing Machine: 


Pest Precedure: 


of Compression Test Procedure 


Cut from seme plate at test plates and in 
the same direction, Milled to 2.547 x 0.6435 
inches, Three specinens tested. 

Two Type A Hugganberger - 1 inch gage length 
Wo. 2195 Gaze Factor 1051 

No. 2201 Gage Facter 1O4L 

Testing Materials Lab. #203 

Mamifacturer ~ Riehle! Bros. 

Capacity ~ 20,000 

Specimens held in compression jig. 


Knurled belts holding mide plates were 
tightened barely hand tight. Load of about 
200 pownls applied and released several tines 
te check sere readings on Hugeenberger geges. 
Load applied in increments of enppreximately 
500 pounds. Gages read at each step. Modulus 
of elasticity found by plotting stresa ww. 
strain. 
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TABLA IV 








Rata Sheet 
at March 1954 Eabdge Comiitions 
. : @ 
Late Bo.: i Leed Application - Hachins Ho Seguents 
Strain Inticstor Jacks Ho Shins 
Serial No. §58130 Bax = 5/1," (Grooved) 
¥. Gesket » Neoprene 


201 





& 
e 
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© 3 1 DB BX iw 
RENESSESESYS 


65D P90 
FoFLL Jed 
7198 16 157 
79162 (765 
TiO Sh 
G11? «995 


GaGS1, 

5905 = M52 
e755 756 
601939 LOLS 


leml Zera 2 h 6 g 
(kipe) 
Cage Strain Indicator 
L 8608 592 £89 589 532 5 
| 2 Pail? 255 158 152 150 
3 Sw Oh 210 205 200 397 
kh keho? | bm 395 385 376 
5 8752 738 736 125 12. 
6 737 739 728 720 Te 
: TOS 7a 192 783 170 
5-§57 535 532 5398 Sh2 
9 7-179 i952 Lk, L71 152 
10 «e868 f10 800 195 
11 Sa51 C65 6S 662 £A2 
12 Gel? 8 S9T? 964 960 2 
13 Bal} 73 Ba Gi G46 
1, 80995267 2A 250 ako 230 
1S Faeh23 380 360 396 372 
1604060 7=997 «0670 —iT7—CiaT (iD 
27 $835 797 796 792 796 
On852 272 269 26h 240 
190 -_ fess 9°70 S62 7 953 
2 RR: he 732 720 710 
22 al 21 OT? O71 C67 
7 Gece 23 210 190 
23 «Fal 1022 861013 1.002 
2 822 1.00 
25 
26 
23 
26 
29 
30 
32 
32 
33 
ht 
35 
38 
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TABLE V 
Deta Shoot 
beKige Comiliions 
Loa Application » Machine to Segments 
Jacks Ro Shims 
Bar ~ 3/4" (Flet) 





z 
4 





5 
“ 
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Serial Mo. 956130 
Type Geaket «- Single Selder 3/32" dian. (new) 
GF. Setting 2.02 
. 2 26 20 Gage Zero 10 20 
a | 520 529 20 8 OS 
Gage a (inches) train Iniicater Rowling Gxicroinches/inch) 
elke «64 325% $21 37 20 vin 
620 38 7G? 0 ti«i‘ SW? 
> <e 2335 LS 39 bh7 = hag 
1S 18 LO 392 8=— 3a 
koe? 0356 bass in G12 «6877S 
12 578 be G57 is G67 
13) oe +100 851 3? 2 1206 
Ls 167 bh 8=69eS6D |= SG GB 
is 362 3s bS  7eLdG0 1139 1180 
6 2 “6 Co 720 42s «6&3 
17) 0 se EO oft Ns 932 i? ofits 715 Fb 
18 10s b& GelSl LOM, 966 
19 4350 of 23 1082 LS Fel 220 
2c k2o 50 Sif 118% Wik? 
i e319 0375 © “ “ cy ee SO 
22 52 ke BA5 791 TF 
23 9 387 o S28 Ol 33 Ga3SF 322 B67 
2h 314 7=3h3 SO 0 308 
24 292 6257 G3: 55 F=t37 73 fii 
25 278 56 2 88 19% 
SF a 267 02h jis 57 8-907 FOS 830 
28 7~PO3 850 53 638, 2 598 
29 of] eres Fm LGBG L120 5G FalG2) 827 é51. 
30 79753 &73 6> Gh73 Soo 6 
2 8 86.2h2 oh Dh, PalsS 7 309 62 = 7=558 2 86583 
32 7-1112 Looe 62 Sa66i5 733 TT6 
330 al? oh 96 BaSS0 Soy 
3h SITE 997 
3 ena. o feet lye'?F3 152 
36 Sa DPIO Who 


# Readings taken between gage positions 7 & 9 or 33 & 36 
Game pairs 15, 153 21,223 63, Gig 65, & - no vealings 
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TABLE VI 
Data Sheet 


Belge Comiitiion 














load Application = Pump Segments 

Socios Shtas 

Rar - 1/2" 

Gasket: Dowble Solder 1/15" diam. { 3 

Remerkea: Fliate reversed on a 
Lows e 10 29 z 40 
i 767 = 166 3? 597 
3 553 533 38 33h 
276 264; 39 LOL 
a 636 : kl 2 
i, t LOOT Le «889 
13 G8 a1 43 238 
” 245 = 90 beds ho 
S 6 AO? Pll 4930 «BO BS 4282 
16 7-900 SOT 876 LS éte 
LY 0257 TH 797 LT 694 
183 Gab25) 1230 1290 LS SE 
= we <0 Li 
2 216 1988 1086 51 330 
Ze s7e 532 52 7 
23) eo @T6 103 1040 53 35 She 
ma SadpGe os 389 Sh 7=3nD 0 Bad 330 
2% oeee Bah S ) RE? SS J=809 TH % 715 
BA Gee 3 Ry 4 abe 56 166 IU 
27 4302 0s Ge 3 8632 57 8960 0 i 936 
2é ; Pobeh 851 B72 5& | 360 351 
29 th S318), L116 1159 5S T=99L 8s SLE 902 
30 Th 2 TH 60 Gui53 535 kG 395 
3h 224 Fads? Wks = SL EL PaS2s 521 509 i392 
32 7<L099 1095 1086 E62 Swldsd 647 Gist Se 
33 232 baS3G 611 6R5 63 Bahk 620 S62 530 
3s S095 3 559 B75 Gy 8a 309 3 até 277 
35 3207 = eG Cé9 7G & FoI ik. £95 &&2 
3G 603 105% 1000 & F703 69) 695 OT 
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Date Sheet 
—,* Le — Lal Bekege Comlitton 
Pate 2 ; Senne ae = 
Serial No. one her = 3/" (Fiat) 
a Geaket ~ Double Solder — diem, (nes) 
GF. saume 2.02 Repeatability Run 
Loa a 2 is )0=—s_- 2 10 20 20 
Gage / Leh ) ad (inches) 
: Crndi i 4 S65 63.8 oh 93% 
St 39 ber io 199 
is Boll, 3 LO 3% 322 
11 6=656 3 906 O72 #h3 
12 | 2 So 80s 
4 S071 | : a2 232 257 
1S uS 1147 0 fas: 
16 LG 626 
17 i TG = 863 
28 997 
13 Lg 3h0 86, B42 
ay 50 LSE 
2 51 iso 80g BOE 
22 52 77a 
2 2 ao th 
293 
2 55 637 123 
25 & Bh 1136 
a 57 862 8.108 
7 56 359 
23 59 fi e079 
38 OY ) 
32 ! 61 BED O89 
32 42 fil 
33 é3 L.g2 ade, 
3 fy 269 
bv) ) &5 &e  <a73e 
% GeL072 Lone «= 849 & 632 


+ Readince teken betwoen gages 37 & 30 or 63 & & 


; 
-“=,* ¢ 











se 





q 


suse: : ae PEs ore ssdcadanes 
suspeervediededes ycecestesne 


SSESASAAISCSARS ETSI IAS4S + 
Adeacad ice gea dine 


Qs 1SeESE Ss Ses sesesasezsse 





MEP N ETI ass YOST HE SEI ATES 





LEB ae 


| FHAEISIVEN V3 4 Pes 2 
SRG R TST ATER AE 


- 











% 4 4) © OTT eye) oman mine ogeiient 


Date: Lh svn 195k 
Teast Basi :; 

Plate No.: 1 
Strain 


BUF SESSSSRARGRBRS 


imicator 
Serial No. 258130 
Type K 
GoF. betting 20 Ms 





HEQSSEYPESARSRSHRASESUSSTRRBAES & 


e 


657 
620 
E92 


£30 
LLL 


8eu5 


71 
233 


1010 
12 
ELT 


eeysegeseysns 
SHESSASSLSERRSSVESS SSTRESCRE SES 


g 





= 100 « 


$8 


¥ 


ue 





ati 
anavanizisesseseaspdorsisaczz; 
SALSESSIAS SMES IEaIessscecd ve 








* Reaiins taken between gage pesitions 37 and 39. 








Data Sheet 
Dabe: 19 Apert 195h BeEdge Comliitions 
Best tons “ip (continua) ~~ 
ot Loed Application ~ Segments 
Strain Indiceter —_— Shine 
Serial Mo. DS8130 Bar ~ 3/4" (feat) 
Type x Gasket - Double Solde: 
GF. UStting 2.GL 1/16" dian. 
Load Jeary 20 LBRO 26 
Gage Strain Gag 
7 Em 1057 37 
& S59 235 36 
§ 7339 367 9 
1G Bon SP bu2 Lo 
Li Fronts 595 ki 
12 Eon 52. £90 he 
13 8.899 G42 43 
14 81293 1155 LS, 
1s Fuh SO 500 As 
6 T4926 785 LG 
1? 7 909 47 
16 Sah 269 1122 48 
ig GeL O37 1030 Lg 
ev 7-733 S63 59 
21 Sm LED 1130 Si 
22 72582 GG S2 
23 TelO77T Loa 53 
22, Bal 56 3% 6}; 
eS BoGi,3 833 55 
até Bm 381 302 56 
27 GwhG22 766 ST 
2g 7=$43 &92 58 
29 Eat VF LOT 59 
30 79790 750 6 
a1 FoSh, 387 61 
32 FuLLyo 128 é2 
33 Soh F2 6g? 63 
5=1002 o59 6h 
24, ns aw &é 





# Donbtful reading 


(L) asp in lewer bar over bottem jack oni umier gages 17 a2 12. 
wz 102 « 


a ee 









Lt a 7 sopne “ter See Gad aetGed seer ted cownl et 





TABLE XZ 





Data Sheet 
Date: 19 éprbl 196h Belidge Concd4 tions 
Feet Yo. 19 
Flate Noor 4 Load Appliestion - Fam Segmenss 
“Seria Yo. - Bar ~ 3/u" (flat) 
Gasket ~ Double Solder 





type 
Gok. oonans 2.0L 3/26" Gi eme 


3 i, 57 
Stowin Indicator Reming (alercinehes/ineh) 
7 386 F535 
1332 £02 


aw? 


aE BSB a 





Nexioum Lowi ~ 36.2 kipe 


(i) fieep in Lower bar over better jack end umler gages 17 emi 10. : 
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Data Sheet 
Date: 19 Aprdl 195) BeEdge Conditions 
Test Re» 3 20 
Plate Ho.: 2 Load’ Application - Piuem Segments 
Strain Indicator Jacks Shims 
Gerial Yo. Beye Bar = 3/4" (Flat) 
Ly ps Gasket ~ Deuble Soler 
G. F. cotton 2.01 L/lé" dian. 
Gage 121 ee 3 i, * 5 & & 
Lead Strain Iniicater Reading (ntorodnches/inch) 
202 
2 1282 86842 
b 1165 0 Mass 
& 143 29 O47 
8 1122 856 
10 1093 854 
12 2O67 867 
Ly 1031 E85 
16 ORs G02 
16 S47 927 
20 $58 963 
22 S65 1020 
ey G43 1126 
226 k3S = 29k: 
os 6 ts «1763 





Haxiwun Load « 29.5 Kips 
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Data Sheet. 
Date: 19 April 195) Beldge Conditions 
-t 20 (continued) 
Plate Noo: laa Application - Pus Segsxente 
Jacks Shims 
Seriel Ho. 258230 Gasket ~ Double Solder 
K Bie 
G. F, Setting 2a Gh 
Gare i 3 t 5 
Leal Deflection ~ d(inghes) 
Kine 
1 e2ld 276 0 S95: _— 0289 
16 0205 0266 o 302 ° 23: 
1s 0225 o3ne offi o5h7 » Buz 
eo e257 ak ® oh 38: 
ais ® 309 ° ed 22% o52es 2857 


* T4mit of dial cage. 


- 105 « 





Date: 21 April 1954 
Gest Wo.: 22. 
Plate Mo.: 3 
Btreain Indicator 
Serial No. B5G1% 


Type K 
G.¥. Setting 2.01 


Load Gage No. 


Wipe 
2 3 
Gdae/ine) 
Gero &$h2 8-769 
2 SMy 762 
4 521 760 
& 507 760 
g 1,89 762. 
10 LES 766 
12 437 V7 
is hou 78)5 
16 398 7944 
18 365 810 
20 327 831 
22 271 868 
2k, 200 92), 
7=1L200 

26 1982 0 8=—. 108 
23 87s 92 
38 057 «1871 


TABLE XIV 


Data Sheet 


o2h" 


x38h 
383 
382 
380 
376 
368 
356 
299 


Load Application - Pus 


Jacks 
Bar - 3/%" (@) 
Gasket - Single 3/32” sclder 


Segnents 
Shims 


Position from Vertical Centerline 
{on Horisontal Canterline) 


@1.6" 


403 
400 
39h, 
387 


370 
340 
227 


Maxcieem Load ~ 32,500 pounds 


12" 


Deflection (da?) 


of" 


eh 


( dm. x 1000) 


65 
_ 83 
76 
% 
76 
7 
7 
70 


396 
392. 
383 
376 
366 


36 


305 
166 


62 
3 
67 
65 
66 
6h; 
61 
59 


«385 (neeet dial gage) 
405 384 


356 
372 
360 
346 
322 
275 
133 
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él, 
50 
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289 
235 
196 


&4 


453 
33 
12 
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él 


343 
337 
328 
316 
egy 


275 
222 


12° 


40 


1S 


12 
16 


325 
320 
311 
360 
287 
267 
22), 
129 


16" 


30 
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32h, 
320 
343 


295 
28). 


252 
180 
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3s 
310 
357 
302 


295 
282 
252 
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Data Sheet 
Date: 21 April 195) 
Test Noo: 22 
Plate Noo: Load Application = Pump Segments 
Strain Indicetor Jaeks Shims 
oS. pa Bar « 3/k 





( 
Type Gasket « Surg 3/32" dtaneter 
GoF. Stine 2.GL 


Load Gage No. Position from Vertical Centerline 


Kips (on Horizontal. Centerline) 

i - 2" «18"* «12% «~6* 6" 12" 15" 2f 
Strain an Deflection (4!) 
(uin./ins) (in. x 1000) 

Zero «081307 «Toke 0266 22S CTL C20 102 «107 bh 168 Hh. 
2 1281 17 0 GCS iO CC (iS 238 
h 1259 1156 252 203 152 105 & 8 13h 159 235 
6 1225 17,0 2 0G Si OCOCCi‘i‘SRCGSCASs 83S; 
8 1193 11680 ak? SiR HCO CHAOS 

16 1257 2210 oh? 166 129 #8 6 <7 2h 4153 235 

12 1222 123; m2 18 12 63 S56 6 Wh iW? 231 

a 1059 1269 236 «171 «262106070 OSS 92289 

16 1600 1302-23060 aati 

18 930 136. 226 US 73 2 2 30 9 131 222 

20 Sl Wi6 27 #130 «56 0 §& 7 wus ae 

22 Tal 3520 206 keel BS 

2k 598 1615 

26 Ld 1772 

28 he 1965 

30 7=250 81640 


Maximum Loa « 33,500 pounds 
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TABLE XVI 
Inttial Unfairnese ef Specimens 





Location from vertioal Plate Ko. 
econterline (on herisental 3 a 3 bh 
oenterLine) Initial deflection 4, (in.) 
Bh" “we 055 004 _— 
18" a O36 ~.002 O66 
~15" = WR + sti 
=hB” -+- O53 2 = O07 O74 
. 9 85 ti, — <= 
. 6° — OST O57 
= 3° “a O52 om ous 
Centerline -=- OhL +.008 O73. 
26 _— O37 Rear Ob 
12 ae O3L OOO O33 
#18 won Ohl 005 ORB 
ety con OF 606 O81 


* Yexisom deflection under gage numbers 17 and 18, §.08" fron 


vertical centerline, 1.32 sbeve horizontal centerline. 
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